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Titan Guidance 
Proves Reliable 
In Test Phase 




BRUNSWICK HAS A FILAMENT-WOUND “NOSE” THAT IS NEWS ! 


When the Lockheed Q5 plummets 
earthward, it plunges its one-piece 
filament-wound radome-boom into 
the ground. The tall remains sky- 
ward with instruments unharmed. 
This requires a radome-boom (nose) 
of steel-like toughness and strength, 
yet one which must be precise to 
± .002 inch to meet the ‘'optical” re- 
quirements of its microwave system. 


While this was a difficult problem 
indeed, it is typical of the tough 
assignments that are routine with 
Brunswick. The one-piece radome- 
boom of the Q5, wound by the top 
secret Strickland"B"process, exclu- 
sive with Brunswick, substantially 
contributes to the enormous savings 
of military dollars made possible 
by the unique Q5 recovery system. 


This outstanding "breakthrough” in 
reinforced plastic technology is hut 
one of many ways in which Bruns- 
wick research and production gen- 
ius is helping to secure freedom. 
For details on how Brunswick can 
help solve your problems, address; 
The Brunswick-Balke-Collender 
Company, Aircraft Division. 623 
So. Wabash Ave., Chicago 5, Illinois. 
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Tests Prove Sundstrand Gearboxes 
at 600° F Inlet... 800° to 1000° F Ambient 





RADAN — jet-age windsock 


Spotting and dodging headwinds, riding time- 
saving tailwinds, are easy now for both the military 
and civilian pilot. 

The reason is RADAN.” 

RADAN navigators are members of the famed 
GPL family of self-contained Doppler systems. 
RADAN gives the pilot accurate ground speed and 
drift angle, two facts that add up to accurate knowl- 
edge of the wind at his position and his altitude! 

RADAN systems provide military pilots with 
continuous velocity, second by second, help to accom- 
plish. successful missions. To the civilian pilot, they 


provide pinpoint navigation, savings of precious jet 
fuel, a priceless margin of safety. 

RADAN systems, recently released for civOian 
use, are now in quantity production . . . ready and 
available to everyone. 



GEHERAL PRECISION LABORATORY INCORPORATED, Pleasantville, N. Y. 


ENGINEERS - 



How to write 10,000-cycle data on a pen recorder 

A tape tie-in banishes frequency-response limitations and saves paper 


We will cancel tlie laws of physics, throw out inertia, and 
behold here is a pen recorder writing out 10,000 cycles per 
second ready to read. Don’t scoff. There is a way. Assuming 
\ isiml data is re.illv what you want, keep your eye on the oscil- 
lograpli or pen recorder, .and think of the tape recorder as an 
ingenious ''frciiucncy-rcsponse extender" or "data stretcher," 
A SLOW-MOTION LOOK AT TRAtslSIENTS 
When an aircraft manufacturer was having shock prob- 
lems from the firing of an experimental plane’s armament, 
nothing could be seen in real-time data. For a better look, 
shock waves were recoided on tape, slowed down, recopied 
and then written out in visual traces. A thousandth of a sec- 
ond was stretcfied out to a full second. The exact extent and 
nature of the shock pattern and its manner of transmittal 
through the plane’s structure became clearly evident — and 
xvith it the design solution. 

100-T0-1 DATA STRETCHOUT (and more) 
Compared to any visual-trace recorder, an Ampex instru- 
mentation tape recorder has virtually unlimited response. 
Fre<)ueney components as high as 10,000 cycles per second 
(and much more) are easily recorded. And tape lias decided 
advantages too at 1000 or 2000 cycles, A tape speed of 60 
inches per second captures anv of ihese higher frequencies 
and has tremendou.s room for slowdown on playback. Repro- 
ducing the t.ipe at 0.6 in/scc. reduces 10,000 cps, to a mere 
100. Connect a direct-writing recorder to the tape recorder 
and 100 cycles response is all that you need. 


Actually Ampex has a wide range of tape speeds and tape 
slowdown ratios available. Tapes can be reeopied once or 
even twice multiplying these ratios accordingly. 





24. TIMES AS MUCH RECORDING TIME 

On SOOO-cycle data, an ordinary lOki" reel of I-mil mag- 
netic tape will record 24 minutes. On a \-isual-trace recorder 
writing 100 cycles per inch, a 250-foot magazine of expen- 
sive paper would last just one minutel When you record data 
first on tape, you will seldom recopy the whole test onto pa- 
per. With an oscilloscope Or other scanning device, you find 
the important p.irts of the tape and copy as little as a few 
seconds onto the visual medium. The tape can be stored for 
future reference, cut into loops for analysis or can be erased 
and reused, ft saves hundreds of feet of paper. 

Because magnetic-tape data is an "efectricfl/anij/og’’, it can 
abo be used for automatic frequency analysis, computer in- 
put, simulation of phenomena and scanning, counting and 
correlating techniqiies.We have told the tchole magnetic-tape 
story In a well illustrated and diagrammed 16-page brochure. 
For your copy, write Dept. I’U-ld. 
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934 CHARTER STREET 


REDWOOD 




The luxury way across the world! 

Only TWA offers one-carrier service between 65 key U.S. cities and 23 world centers 
abroad . . . all the way from California to Manila. Fly the magnificent Jetstream’ 
non-stop coast to coast . . . featuring famous TWA Siesta Sleeper Seats! Also non-stop 
trans-Atlantic service to Europe and direct Polar Route flights from California to 
the heart of Europe! Wherever you go . . . enjoy superb T\\’A Ambassador service . . . 
the most luxurious in the sky! For reservations, call your TW'A travel agent or 
nearest T^VA office today. 


nv THE FINEST. . . FLY 


TWA 


TUANS WOULD AIRLINES 








Mow -to open 
a Wafohmaker's 
Eyes ... 


Many people regard a 2I-Jcwel watch as the ultimate in precision. 
Yet, a modern airplane engine is built to a standard of precision far 
beyond that of the finest watch. For the engine, with moving parts 
machined to the Nth degree, must operate at speeds in the thousands of 
revolutions per minute, at temperatures that would melt many 
metals. And they must do it hour after hour under full load. 


SINCLAIR AIRCRAFT OILS 




Memo: to missile men looking for dependable components 


!HS"?ZS=;“2s: 

And uitli diis, a ^veighloronly 1-9 lbs. 


TACTAIR' 



*fli‘tfi« 




SOLUTION TO COMPLEX COMPUTING PROBLEMS oie among 
Libroicope's accomplishmests as represented by a formidable array of computing equip- 
ment. Our selection of the most effective computing solution to meet a problem is based 
on twenty years of experience gained in the development and manufacture of mechanical, 
electrical, electronic and magnetic computing devices. Computers for both military 
and commercial purposes arc developed and manufactured by Librascope. Inquiries on 
computing control problems are welcome. 




LIBRASCOPE. INCORPORATED • 608 WESTERN AVENUE 


iLENOALE, CALIFORNIA 




•^^Specialized Knowledge + Channeled Imagination + Super-Rigid Controls 
= The Answers You Need. If the answer to your problem is an accessory for hydrau- 
lic, pneumatic or fuel applications, Com • Air is uniquely equipped to serve you. An 
experienced and integrated division of A-S • R Products Corporation, we may already 
have the answer to your problem in production. If not, any or all of our services are 
at your command — research, design, testing, ultra-precise manufacture. Come to 
Com -Air and try our specialties; precise answers to lough problems, on-time delivery. 


COM-AIR BURST DISC 


For i 


with air ■ 


10 vibrotion 
Burst pressure; 

445 to 530 PSIG ot -t-125"F 
635 PSIG maximum ot — 200'F 
Leokoge : Zero to 430 PSIG 
Weight: 0-2 lbs. for 1 inch tube size 


com*air 


PHODVCTS 


VISION OF A-S'R PRODUCTS CORPORATIO 


DESIGNERS AND MANUFACTURERS OP HYDRAULIC, PNEUMATIC, AND FUEL CONTROL EQUIPMENT 




Swift and deadly, the Martin Lacrosse is the Army's 
newest artillery weapon. The rocket-propelled 
Lacrosse provides pin-point precision with tremen- 
dous destructive power against enemy targets. 

The rugged simplicity of its powerful Thiokol 
solid propellant engine gives the truck-mounted 
missile extreme mobility in the field. 

With the Lacroae. Army ground troops have 
guided missile support where they need it — when 
they need it. ^ 


CHEMICAL CORPORATION 
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U. S. Explores Global Monitoring Methods 26 

^ Possive techniques studied thot could detect missile firings, nuclear 
explosions and submarine positions. 

Local Service Lines Protest Rate Plan 40 

^ CAB Bureau recommendation to boost rote of return from 6 
to9.5% inadequate; 12% asked. 

Titan Guidance Reliable. Accurate 92 

► Performonce of components in rocket sled hos prompted USAF 
to consider using system in some Atlas ICBMs. 
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EDITORIAL 


Scramble for Altitude 


W'ithin the past few weeks a healthy international 
and iiiterscrs ice rivalry has blossomed to push the official 
world altitude lecotd to some fantastic ncu’ levels. At 
this writing, it looks as though the altihidc laurels rest 
Grnily on the eolicctive brows of USAF Maj- Howard C. 
Johnson, Ix)ckhced Aircraft Corp.'s F-104 Starfightcr and 
General Elcctrie's J79 turbojet engine. Maj. Johnson’s 
zoom to 91,249 ft. in the J79-powcrcd F-104 should he 
the first in a bid for this combination to win the triple 
crown of altitude, speed and time to climb. The F-104 
will be shooting for a 1.400 mph. speed mark to top 
the 1,207 mph. set last winter by the MeDonnell F-101 
and plans to beat the elimb to 50,000 ft. in two min., 
50 sec. set bv the French Snd Aviation Trident a few 

The altitude record has changed hands three times in 
the last few weeks in a refreshing outburst of competi- 
tion that is now getting the mark to a more realistic 
level. First kudos in this competition go to Navy pilot 
Lt. Cmdr. George Watkins, the Grumman FHF-IF 
Super-Tiger and the G.E. J79-5 engine for bringing the 
altitude record back to the U.S. after it reposed 28 
rears abroad. 

It was the late Adni. Apollo Soucek who wrested the 
record from Germany in 1930 with a 43,000 ft. 
•cr Washington in the Wright Apache powered 
if Pratt & Whitney's first Wasp engines for the 
ions U.S. notch on this trophy. Cmdr. Watkins 
his Super-Tiger to an officially recorded 76,828 
Muroc Dry Lake, although he went well over 
eet in practice zooms. Under Federation Aero- 
Internationale competition rules, the Navy 
d the Super-Tiger after setting a mark lost priority for 
isting it until other competitors had their crack. 

^ few weeks later, the French made good their hid 
1 bv the Sud Aviation Trident 
p Gabizo turbojets and a SEPR 
le tail. The Trident record-breaking flight over 
was ironically described by the French press as its 
I song” because government budget cuts have 
ht this promising line of development to a com- 

:n Lxickheed entered the lists with a trio of USAF 
well versed in the F-104 oixratioiis from their ex- 
■■ Calif. The F-104S flown in 
by a later and more powerful 
|79, which offers a 207r boost in 
CT the -3 engine powering the Super- 
:he F-104 to reach a higher altitude 
in its zoom climb before fiame-out. 


powered by two wing-tip Gabiz 
rocket in the tail. The Trident rt 


this triple bid are powered bv a 
version of the G.E. |79, whicl 


It is interesting to note that in both the Super-Tiger and 
Starfightcr record climbs using only turbojet and after- 
burner. pilots relied on a zoom of more than 20,000 ft. 
after their engines flamed out from lack of oxygen at 
extreme altitudes. Ihe control problems in executing 
such a maneuver called for a high degree of |>ilot skill. 

This burst of international rivalry that wrested the 
record from the special British Canberra bomber pow- 
ered by Bristol Olympus turbojets and Napier Scorpion 
rockets has certainly enhanced the prestige of both 
USAF and Navy and the two bitter contenders in the 
European and Asiatic export market— the Starfightcr and 
Super-Tiger. 

It also presents a genuine challenge to the Soviet 
Union to get into this international competition or 
tactily admit its inability to match these performances 
with the designs of Artem Mikoyan and Pavel Sukhoi. 
The Soviet Union has been taking an increasingly active 
role as a member of the Federation Aeronautique Inter- 
nationale. It has filed a niimbcr of officially recorded 
helicopter records with this custodian of international 
performance and will play host next summer to the 52nd 
annual meeting of the FAl in Moscow. It would indeed 
he interesting if, as further evidence of a genuine desire 
for international cooperation, the Soviet Union entered 
the record competition in all categories. 


Glider Support 

We have in hand a communication from Paul 
Schweizer, president of the Soaring Society of America 
in Elmira, N. Y., with news of plans to field a team of 
top glider pilots to defend the U. S. title in the FAI- 
sanctioned world gliding championships to be held next 
month in Leszno, Poland. Our readers will recall that 
Dr. Paul MacCready of Pasadena won the world cham- 
pionship in the last international competition held in 
1956 in France. To support the 1956 U. S. gliding team, 
approximately 24 American aviation firms contributed. 

This year, with business conditions soft in general and 
the aviation industry in particular being cudgeled by 
austerity edicts from the Pentagon, financial support for 
the gliding team is lagging badly. We believe it is e.x- 
tremcly worthwhile to have the U.S. ably represented in 
this exhiliarating, peaceful and non-profit aspect of avia- 
tion in international competition held within the Soviet 
sphere. We ho]>e the aviation industry will make it 
possible. 


—Robert Hotz 
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WORCESTER ]. MASSACHUSETTS 
HARVEY, ILLINOIS • DETROIT, MICHIGAN 


WHO'S WHERE 


In the Front Office 


Miles, direclors. The Martin Co., Baltimore, 

Stcatofle.>;, Inc,, Fort Worth, Tex., has 
announced tlie following officers; K. W. 
Davis, president and general manager; D. H. 
'Iborabiirv, vice president; C. ,\. Thomas, 
vice president-sales; John Tullis, sice presi- 
dent rnanufactnring. 

Marvin B. Rnffiii, Wee president and 
general manager, Chicago .Serial Industries. 
Inc,, Melrose Park, 111. 

Slanlev C. Pace, a vice president, Thomp- 
son I’rodncts, !nc„ Cleveland. Ohio. Mr. 
Pace is assistant manager of the companv’s 
newly formed Tapco Group. 

Corp., -\tlanta. 


rick I. Ord> 
dircctor-.-\stronaiities I) 
.search and Dcvelopm 


Arthur Freed. Wei 


v'^VorlTN'^Y. 

prc.sidcnt-inarkctir^ 


Park, N. Y. 

n. R. Ferguson, executive Wee presidi 
and treasurer, and Dr. H, W, Ritehev, v 
president, Ihiokol Chemical Cotp„'Tten- 
ton, N, J. Dr. Ritehev is te 
of the Rocket Division. 

I, A, Gray, assistant vii 
ations, and J. A. Gillies 
nance and engineeting, Canadian Paci 
.Airlines, Ltd. R. J. Burden succeeds N 
Gillies as chief engineer. 

Group Capt. Douglas Bader, mar 


3'ii.s: 

e prc.sidcntopcr- 


Shcll Petroleum Comi 


1 F. I. Stephens, chaii 


y form 


Col. William S. Cowart. Jr., lUSAF), 
Director, National Aviation Facilities Kx- 
perimcnfal Center, .Airwavs Modcmiwition 
Board, Atlantic Cit) NAS, N. J. 

Vcrfol -Aircraft 'Corp., Morton, Pa., has 
amioimccd the following appointments for 
two new corporate dis isions: Hanv S. Pack, 
head. International Division; James N. 
DaWs. director, Covernment Operations Di- 


Honors and Election.s 

.Arnold I. Beck. Republic Aviation design 
safety specialist and Major, US.AFR, bis 

tion "for meritorious achievement when at 
personal risk fer in excess of the norma! 
requirements of his duty assignment he ac- 
complished an ascent In an altitude chamber 
to 198,770 ft., the highest altitude ever 
attained bv man. The ascent was made in 
1956 while Nfr. Beck was on active duty at 
AA'right Air Development Center. Wright 
Pattcison AFB. Ohio. 

Maj. Samuel Tyson of the MATS 5Sth 
Air Transport Squadron will receive .AWa- 
tors’ Post No. 7-fl annual A'alot .Award for 
".safciv piloting his setiouslv crippled C-97 
aircraft ..." 

fContimied on p. 139) 


INDUSTRY OBSERVER 

►W'atcli for McDonnell UCX four-engine utility jet transport to emerge 
as a dark horse in tlie USAP' competition with a Pratt &• Whitney f'lT2 
turbojet rated at about 2,900 lb. static thrust- McDonnell prototype is 
scheduled to. fly late this year. 

► Navy plans to finance an initial inctensent of seven Lockheed anti-.siibina- 
tine warfare KIcetras out of Fiscal 1959 funds. Initial contract (AW May 5. 
p- 27) was for research and deselopincnt work involved in converting the 
turboprop transpott into an ASW configuration. Main competition for the 
Navy award, wliich mav cvcntuallv mean production of up to 200 aircraft, 
was from a Douglas design based on the DC-7 configuration powered by 
Rolls-Royce Tyne tuibopro|)5. 

► Douglas is working hard to sell USAF a Mach 2 tanker-transport powered 
by Pratt &• Whitney's J58 turbojet wliich is now running at 30,000 lb. 
static thrust without afterburner on the test stand at P&’W's new ITorida 
development facility. Douglas Mach 2 transport design is based on the 
15C-8 development project and would utilize some DC-8 component.^. 

►Rolls-Royce is offering a nevs- tiubo-ramfet design to U-S. manufacturers 
in the 60,000-lh. tlmist class witli asailability in tlie early 19G0s for both 
military and commercial designs. 

► Russia's coaxial single-place Kamov Ka-10 helicopter neighs only 4-tO Ib- 
Cciling for the “filing motorcicle" is listed at slightlv over 8.000 ft. The 
collapsible helicopter is |jowetcd by a four cylinder, 35 hp. engine and re- 
portedly gets up to 19 miles per gallon of fuel. 

► Toxicity of niobium (columbimn) and other high-temperatnre metals w ill 
be studied by Aero Medical Laboratory, AA'riglit Air Development Center, 
to determine pcmiissiblc Iiuman dosage levels. Similar studies on matcriab, 
equipment and fuels for use in space vehicles now must include considera- 
tion of the effect of high tciiipcratnrcs, ozone, ultraviolet and cosmic radia- 
tion, etc., on normally nontoxic items. 

►Ait Force estimates that between SIC million and S20 million would 
be requited to successfnllv impact a paiload on the moon. The total would 
allow. USAI'' says, fiu; to seven shots with a 70% chance of success for 
each missile- Approximately S500.000 would be needed for tcscatcli and 
deielopmciit work, the remaindet for production. 

► National Adiisory Committee for Aeronautics is building a working model 
of file ion engine proposed by F.mcst Stiihlingcr (AW May 5, p. 28). Stulil- 
inger suggested heating a cesium plate which emits large mmibets of posi- 
tively charged ions at relatively low temperatures and then accelerating the 
particles thiougb a nozzle with an electrostatic field. Engine is large enough 
to get realistic data on the idea but too small to be of practical value. 

►Advanced I’cr.sions of F-103 Thunderchief planned hv Republic .Aviation 
Carp, include an interceptor model with an auxiliary toc);ct powerplant. 

► Aero Design & Engineering Corp. is readying a new “economy-model" 
Commander executive transport designated Model 500. Scheduled for 
delivery in fiinc. Model 500 will be poviered by twin 250-hp, direct- 
drive engines turning two-bladc propellers. Commander 500 will be aimed 
to compete with Cessna 310 twin, will be priced at approxinialcly $(52,000. 
It will utilize basic model 560E airframe, lighter by several hundred ])onnds 
and probably will seat seven, with mininium radio and full tanks. With 
200 lb. of radio equipment, it would seat six and carrv full tanks. 

►North American Rocketdync Division has designed a package of three 
250,000 lb. thrust rocket citgines using liquid oxvgen and liquid hvdrogcn 
fuel for the second stage of the freight-earning space vehicle proposed 
recently to USAF by Coniuit's Kraflt Ehrickc (AW April 28, p. 26). First 
stage would be a standard Atlas booster also powered by Rocketdyne rocket 
engines. 
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Washington Roundup 


"Fly Early Nuclear Plane" 

Cdiigitssioiiiil Atomic Ener|\- Subcommittee on Re- 
search and Development is urging Dr. James Killian, 
presidential scientific adviser, to rc-c\alii3tc a decision to 
abandon devclopinnt of a "fly eatU” on-speed atomic- 
poncred airaaft. 'Ibc main argument given tlic sub- 
committee bv the President for dropping the project 
nsis that it would disert talent from dc'clopinent of "a 
militarily iniport-ant aircraft." 

At a session with the Killian committee which had 
ad'ised the President on his decision, the committee 
said it developed that the group had based this finding on 
general lenou’ledge and that no review had been made of 
the sitrration in the nuclear aircraft field. 

.Members of the Killian group «ere; Dr. jantes Doo- 
little, chairatan of the National Adsisory Committee for 
Aetonautics; Dr. Ilugli Drydcn, director of NACA; Dr. 
Hans Bcthc, rcceoth-iiamc'd dis;imiamtnt adviser to the 
Presielcnt, and Dr. Rolx-rt Hachcr, chainiian of the Di- 
vision of Phnics, Malhcmatics. and Astronomy at Cali- 
fornia Institute of Tcchnologv . 

Rep. Mel Price (D.-lll.). chaitinao of tire subcom- 
mittee, has charged that the claim that the "fly early” 
project would waste scientific manpower is "a smoke 
saeen for inaction” and "without basis in fact" (AW 
Match 17, p. 26). 

Sateliite Recovery 

Authoriziition for the armed forces to enter private 
inoperty to recover any missile or satellite or portions that 
survived re<'ntr> inti) the earth's atmosphere is also 
being sought by Rep. Price. Under legislation introduced 
by Price, jx;tsons who will not permit tlic government to 
recover the fallen missiles or satellites will be subjected 
to a S500 fine, a six-month jail sentence or both. If the 
|;crson turns tlie fallen objects over to a foreign govern- 
ment, the fine would be $20,000, a 20-vcar prison sen- 
tence or botli. 

Defense Trims Committees 

A number of joint Defense Department coinniittecs 
will be abolished by July 1 under an order issued last 
week by Sccrctarv Neil II. Mcl'.hov. Manv otiicrs arc 
exempted and those abolished can be re-chartetcd if thev' 
arc fact-finding, tcscatcli and studv groups or audit, 
review, inspection and survey groups and can justifv a 
need for continued existence. 

,\im is to maint.iin ■'effective coordination” but with 
"less formal working relationships.'' McKIrov said, "In 
other words, it should not be ncccssarv to cliartcr a coin- 
mitlce with responsibilities, functions and duties in order 
U) confer jointly on matters of mutual interest." 

President Eisenhower had asked earlier for a review 
of Defense’s inter-departmental committee structure with 
an eye toward accelerating the process of making 
decisions. 

McElroy’s order exempts 16 s|x;eific committees and 
boards, including the Arlington Memorial Amphitheater 
Commission and the Joint Committee of the Uniformed 
Services Contingency Options Act of 1955, and all se- 
curity hearing, saccniiig and review boards and state 
reserve facilities boards- Most of those e.xcmptcd arc 
statutory or deal with armed forces pay, poliev or civilian 
emplovrnent or security. 


Airspace Dissension 

Dissension ovet where final authority lies in the con- 
trol of airspace still exists and is likely to grow as plans 
materialize for a single coordinating agenev’. the Federal 
Aviation Agency. 

During hearings last month before a House Appropria- 
tions Subcommittee, James DurftX', cliairman of the Civil 
Aeronautics Board, said that responsibilitv fot the control 
of airspace and air traffic control for bath civil and mili- 
tary aircraft has been placed by the Congress with the 
CAB subject to the power of the President to restrict 
certain areas for national defense purposes. 

Elvvood Quesada, chairman of tlic Airwavs Nfodetn- 
ization Board, not entirely in agreement with the board 
chairman, interjected, "witli some degree of embarrass- 
ment," that the responsibilitv of coordin.iting airspace 
rests witli the President. He explained that the President 
lias appointed a special assistant as advisor on sucli mat- 
ters and added, "tliat special assistant in fact is me.” 

Trans Caribbean Rebuttal 

Trans Caribbean Airlines wants Civil Aeronautics 
Board to investigate proposals in Eastern and Pan .Ameri- 
can airlines that their third class fares be reduced to $-15 
one-way between New York and San Juan, Puerto Rico. 
TCA, which instituted a S-f5 one-way fare ovet route on 
March 8, charges that Pan .American and Eastern, which 
have been awarded first-class fate increases of 49f plus SI 
in this market, filed for a decrease in third-class rates from 
$52.50 one week later as a means of "subsidizing their 
combined competition” with Trans Caribbean. The car- 
rier pointed out that requests also oppose the CAB order 
granting the 4% increase witli a stipulation that third- 
class fates would not be affected. 

Industry Opposition 

Industry has formally voiced its opposition to the 
annual accrued expenditure bill now before Congress. 
In a report to Defense ScCTctary Neil II. McEltov. the 
committee charged that the requirement in the bill for 
detailed accurate udvanced estimating of contract ex- 
penditures for cacli year is "impractical of acciimplish- 
ment.” Tlic report added that any delays by Congress in 
appropriating funds each v-cat "would seriously disrupt 
the financial plans of tlic industrv.” It added that, 
even if the money were appropriated "in a timclv man- 
ner. the administrative task of apportioning and allo- 
cating the new annual funds will 'be so time consuming 
as to undoubtedly delay pavmcnts for months after the 
1>ceiniiing of each new fiscal veat. 

Different vxtrsions of tlic expenditure bill have passed 
the Senate and the House. The House version of the 
bill is now before the Senate. 

McElroy Assistant 

A retired U. S. Atmv major general, Otto L. Nelson, 
Jr., vice president of the New York Life Insurance Co., 
stepped in last week as special assistant to the Sccrctarv 
of Defense for a period of several months, Gen. Nelson 
will make recommendations as to n-.ivs and means of 
accelerating the decision-making process after reviewing 
the intcrdepartincntal committee structure in the De- 
partment ot Defense. 

—Washington staff 
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U.S. Explores Global Monitoring Methods 


Passive techniques studied that could detect missile 
driiigs, nuclear explosions and submarine positions. 


New York— Nuclear explosions, mis- 
sile firings, and submerged submarines 
lan be steeled at ranges of thousands 
of miles nith passne techniques pres- 
cntlv being explored bs' the U-S. Tliey 
depend upon fundamental physical 
principles t^iat are as well understood in 
the Soviet Union as in the U. S. 


How They Work 

Using U-S. biises in this country and 
abroad, these techniques are capable of 
monitoring the entire globe. This is 
liO'v they work: 

• Nuclear explosions. Part of the en- 
ergy rclciiscd during a miclcat explo- 
sion is radiated as electromagnetic 


This radio signal is attenuated 
nipidlv except near the bottom of the 
very low frequency band where the 
surface of the earth and the ionosphere 
act as a “nave-fuide" to conduct it 
o\'cr long distances with scry little 
attenuation. Tliree receiving sites can 
locate the exact point of detonation by 
comparing tlic times of arrival of the 
signal, 

• Missile firings. During the launching 


of anv missile llic -size of an intercon- 
tinental or intermediate range ballistic 
missile, electromagnetic energy is gen- 
erated. Also, a column of intensely 
ionized gases is left behind which acts 
as an excellent low frequency antenna. 

Ill tlic same manner as with nuclear 
explosions, sufficient energy is radiated 
in the sery low frequencs' range to 
provide a detectable signal thousands of 
miles awav. 

This detection capability is basis for 
recent testimoiis' before the House 
Committee on .'istremautics and Space 
ICxplnration (,\\\' .^pril 28, p- 25) 
when Rear Adni. John T. Hayxsurd. 
assistant chief of nasal operations for 
research and dcsclopnicnt. affirmed 
U. S. was studying techniques for moni- 
tilting the entire world. 

• Siibinciged submarines. During 
W'orld \\'ar II it was discoseted that 
layers of dense water deep in the ocean 
conduct sound with little attenuation. 

Tests showed that explosion of a 
small charge slimild be heard (net 
distances as great as 10,000 mi. Since 
1950, the Navy lias been exploring 
detection of sounds originating at or 
neat the surface that become trapped 
in tbese deepwater sound ducts and can 



be detected up to 2,000 mi. As witli 
tlic radio tccliniqucs. three receiving 
stations can fix the location and. espe- 
cially important in the case of sub- 
marines, continuously track a suspected 
submarine. 

Tlic major problem with tliis tech- 
nique is identification of submarine sig- 
nals from the large number of natural 
and man-made sounds simultaneous!) 
present. 

VLF Propagation 

Propagation at very low frequencies 
has been studied intensively both here 
and abroad. In the U.S. this tescarcli 
has been centered at the National Bu- 
reau of Stiindards and the Naval Re- 
search laiboratoiv. Much similar work 
lias been dune in England and the 
Soviet Union. Until very recently, the 
mathematical model considered by 
many researchers to best explain VLF 
propagation was that of the Soviet sci- 
entist Ya L. Al’Pert. but results obtained 
in tills country during the last vear hai’C 
imptosed on this model. 

In the very low frequency part of 
tlie radio spectrum, minimum attenua- 
tion is found in a band of frequencies 
seieral kilocsclcs wide tliat shifts back 
and forth between 10 and 20 kc. with 
changing propagation conditions. A 

below 100 cycles but problems of de- 
tecting a signal in this region are diffi- 
cult. 

Fxpctiinents sliow tliat attenuation 
at the 10-20 kc. minimum can be less 
than 1 db. per 1,000 km. and seldom 
exceeds 2 d1>. pet 1.000 km. Reason 
for tiiis is that at tlicsc frequencies the 
earth and iimosphete act as the parallel 
plates of a waveguide or, mote exactly, 
two concentric spheres so that energy is 
propagated in a qiiasi-TMM (transiersc 
electromagnetic) mode around the sur- 
face of the e.irtli. 

Lightning Interference 

A disadi’antagf of these excellent 
propiigation characteristics is that radio 
noise generated by lightning strokes is 
propagated as well. 

There arc an estimated 100 lightning 
strokes per second around the world so 
the ambient noise level at these fre- 
quencies is high. 

This problem is easily overcome by 
use of well-understood correlation tech- 
niques which separate a signal witli 
known characteristics from random 

Sonet Maj, Gen. I.G. Pokriiv.sky has 
discussed in public lectures the use of 
clectromiignetic energy generated by ex- 
plosions for guidance and comminiica- 
tions purposes, in addition to simple 
detection. Projects are underway in 
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this country to study the radiation .spcc- 
tnim and how thi.s energy is generated. 

Svlvania Electric Products. Inc., re- 
ccntlv completed a contract for study 
of detection phenomena and signal 
characteristics at these frequencies. 
Staiid Engineering, Inc., presently has 
.1 similar contract. 

Electromagnctic radiation from a nu- 
clear explosion is maximum at abonl 
50 cs'cles and decreases rapidlv with 
increased frequency to 0.1-f of niaxi- 
nium at 1 kc. Despite this decrease, 
the signal radiated in the 10-20 kc. 
band is strong enough to be well ahoi e 
tlie minimum detectable signal level 
halfwav around tlic world. 

This signal originates in two different 
ways. First, the violent expulsion of 
cleetto-kinctically charged particles gen- 
erates electromagnetic energy. Second, 
the gas cloud created bv the explosion 
is highly ionized and acts as im excel- 
lent conductor for discharging the 
earth ’.s vertical field gradient (the differ- 
ence in electrical potential Isctwecn the 
earth and the atmosphere with increas- 
ing altitude) vvliicli generates a transient 
signal similar to tliat generated by 
lightning. 

Significance of present theories as to 
the origin of the electromagnetic energy 
radiated from a nucic-ar explosion is 
tliat underground nuclear tests probable 
could not be detected bv this method. 
Tlie movement of charged particles 
wxnild be damped and the field gradient 


Allilude Records Fall 

Palmdale. Calif.-Ixickliccd F-I04 set 
a new world altitude recoid last week 
by zooming to 91,2-)9 ft.-morc than two 
miles higher tlian the picvioiis record of 
80,190 ft. set only the w-cek before by 
Slid .Aviab'ou’s rocket-iet interceptor, the 
Trident II. 

Flying from Palmdale and monitoied 
bv Federation Acronautiqiie Interna- 
tionale ofliciols. the F-104 was in the air 
Ini a total of 27 minntes. Pilot for the 
flight vvas Air Force Maj. Howard C. 
Johnson, 37. opciaKons officer of 83id 
Fighter-Interceptor Squadron of .\ii De- 
fense Command’s Western Air Defense 
Force. Powciplaiit of the F-104 is Gen- 
eral Electric’s J79 turbojet. 

Tlic earlier Trident flight had broken 
the 76,928-fl. mark set on .April 16 bv 
a Grumman FIIF-IF, 

Ironically, altihidc record flight was 
final flight for Trident II. Comp.iny said 
budget restrictions have led to stoppage 
of the develojiment project. Sud Avia- 
tion originally had order for 10 proto- 
types. Record was set in No. 6 proto- 
^pe. 

Trident pcrfomiance, canied out imdcr 
Federation Aeionautiqiic Iiitemarionalc 

Grumman F11F4F (AW ,\pr. 28, p. 31), 


tlisdiargc wcuild be eliminated. Mure 
tests arc planned to explore this area. 

Radio signals generated by missiles 
as thev accclciatc from the launching 
pad tlirough the atmosphere come from 
similar origins. Tlic column of highly 
ionized g.iscs trailing the missile back 
to the ground is a highly efficient, very 
low frequency antenna for signals gen- 
erated bv the violent molecular vibra- 
tion-oscillation resulting from the high 
exhaust vclocitv of the rocket engine 
gases. Ionization column also forms a 
path for discharging the vertical field 
gradient in the same manner as nuclear 
explosions. 

^oth U. S. and Soviets have con- 
ducted extensive experiments on sound 
ducts that exist in all of the world's 
otcans. llicsc ducts vary in dcptli, ris- 
ing nearer to the surface with increased 
latitude so that they are found fre- 
ucntly in the Arctic at the ocean sur- 

Attenuation of acoustic signals in 
these ducts can be extrenncly low. 1 or 
2 db. per 1,000 km. First proposed use 
of this phenomenon was for submarines 
to signal that thev were under attack by 
dropping a small explosive charK into 
the duct. Shore stations would then 
locate the submarine by difference in 
rimes of sound arrivals. 

Second proposed use was for air-sea 
rescue. System, called SOF.\R, would 
place a small charge in each aircraft 
flying overseas routes. In case of ditch- 
ing. the charge would be detonated by 
a pressure-depth fuse and signal location 
of the aircraft in distress. Svstem never 
was accepted because of objections to 
placing the explosive cliargc in the air- 
craft. 

Soviet Union has published results of 
experiments conducted in the Kata Sea 
which confirm results obtained in tliis 
country. 

Navy is exploring two related tech- 
niques of siinmarine detection. For 
very long range, sound ducts conduct 
noises originating outside of the ducts 
—at or near the ocean’s surface— which 
are trapped in the ducts by refraction 
of the sound waves as thev penetrate 
the denser layers of writer. Second tech- 
nique involi’cs multiple refraction of 
sound waves which first penetrate deep 
into the ocean and then airve bick to 
the .surface at distances of about 55 mi. 
where they are reflected by the surface. 

Sounds trapped in ocean ducts can 
be detected to ranges of 2.000 mi. 
Sounds refracted in the depths and then 
reflected from the surface ate detectable 
at ranges to 200 mi. 

Primarv problem of long range sub- 
marine detection is separation of the 
submarine’s engine noises from those of 
other vessels and from the ocean’s natu- 
ral noises which arc loud and plentiful. 

An interesting theoretical possibilitv 
that probably will receive increased af- 



Martin Titan ICBM 


cone although it reportediv is designed fni 

(AW April 7, p. 2U. .Missile is unde: test 
at the Martin Co.'s Denver. Colo, plant. 


tcntioii is the propag.ition of very low 
frequency radio waves through strata of 
the earth's crust. Sharp interfaces be- 
tween rock strata would provide a duct- 
ing or "waveguide” effect for radio 
waves with sound waves. 

Detection of electromagnetic radia- 
tion propagated iiiidetgruiind would be 
by re-radiation into the air as a result of 
surface discontinuities or, theoreticallv. 
could be attained by providing a proper 
coupling (impedance match) to the un- 
derground image antenna of a conven- 
tional vertical VLF' antenna. 

An application of such a technique 
would be the detection of concealed 
underground nuclear tests. 
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Tight Fiscal Rein Crimps Industry Effort 


By Cecil Brownlow 

Waihington— Dcfciiic Dcpiirhiient 

has rejected a plea to alter present fiscal 
policies which, top asiatiem esecutives 
charge. nia\’ weaken industry to a point 
where it “will not be strong enough 
financially to do the job assigned to it." 

The esceutir es told Defense Seeretary 
Neil H. NIcElroy that the policies re- 
quiring industry to spend more and 
more of its own funds arc forcing "a 
pcriiiancnt change in the financial struc- 
ture of the industry" and threaten to 
"bring about drastic changes in long- 
range planning." 

In a detailed report to McElroy. the 
industrs' leaders said the fiscal policies 
already hare pushed the short-term 
borrowings of 15 aircraft companies 
from S208.2 million at the end of Fiscal 
1956 to a total of S451.5 million as 
of last Dec. 31. 

’1116) added: 

"Tlie industry's ordinati' sources of 
financing arc. or will soon be. fully 
committed before the full impact of the 
nmv Defense Department policies . . . 
are felt." 

Why U.S. Logs 

The group also warned that scientific 
and technical progress in the U.S. is 
being retarded bv; 

• "Arbitrars- and unrealistic limitations 
on the allowance of rcscatcli dcsclop- 
ment costs." Basic cause of tire deterior- 
ation of the U. S. scientific position, 
it charged, has been inadequate rescatcli 
and dcselopment acti\it\ since World 
War II- 

• "Restrictions of earnings to the point 
where adequate rescatcli and deielop- 
ment facilities c.mnot be prmidcrl." 

• Policies of the armed scrsiccs on 
proprictari' rights "wliidi dcstroi in- 
centive and divert imcntiieness from 
the defense effort." 

• “Unnecessary restrictions on indus- 
trv's right to make decisions and its 
consequent ability to get results." 

In addition, tlic committee charged 
tliat a proposal now under coiisidcr.itiaii 
bv Defense for a new set of contract 
cost principles would "disallow certain 
normal and necessary costs of doing 
business . . - produce inequities to in- 
dustn and ... in the long run result 
in greater costs to the gosernment. 

To offset the need for industry to 
search for more and mote prliatc 
Ciipital, the industry leaders urged that: 

• Progress payments on fixed price con- 
tracts be a'tumed to a 90% lc\el from 
the present rate of 70%. 

• Cost reimburscnient, on cost plus 
fixed fee contracts be returned to the 
100% rate tliat existed prior to last 


Nov. 1 when piimients were reduced 
to 80%. 

Tlic executives also told McElroy 
that another crippling factor, "while 
not an expa'ssed Department of De- 
fense policy," has been the “substantial 
ciclavs in definitizing contractual docu- 
ments. Iliesc delays ha\e held up in- 
voicing of amounts due. w ith the result 
that millions of dollars of contractors’ 
funds have been tied up for extended 
periods of time." 

Defense Reply 

Tlic proposals to speed pimnents, 
first made in closed meeting with Mc- 
Flroi' on Jan. 25. were recently rejected 
]«• Perkins McGuire, A.ssi.staiit Seactary 
of Defense for Suppiv and Logistics, in 
a letter to Orsal R. Cook, president of 
the Aircraft Industries .Assn. Hie letter 

"W'e have iciicwcd mir payment pol- 
icies and do not feel that wc can revise 
upward the current rate of progress pay- 
ments or payments under cost reini- 
burscinent contracts” 

.Actually, there is little the Defense 
Department can do to relicse the situ- 
ation until, and if, the debt ceiling is 
raised bv Congress upon the rct|vicst of 
President Eisenhower. Both Air P'orcc 
and Nary’s Burc-aii of .Aeronautics are 
being forced to stretch progress pay- 
ments. order slippages in tlclir ety sched- 
ules and request deferred bills because 
of a lack of cash on hand at the Freas- 


ury Dcpartiiicnl (.AW .April 21, p. 26). 

Presenting the proposals to McElroy 
at the meeting, which had been ar- 
ranged by Al.A, was an industry “Com- 
mittee of 12" composed of; 

William M. .Allen, chainnan and 
president of Boeing .Airplane Co.; 
George M. Bimkct, chairman of the 
Martin Co.; WTiitlcv C. Collins, presi- 
dent of Northrop .Aircraft Inc., Donald 
W. Douglas. Jr., jnesident of Douglas 
.Aircraft Co. Inc.: Robert E. Gross, 
chairman of Lockheed -Aircraft Corp.; 
C. G. flolschuh. executive sice Presi- 
dent of Sperrs’ Rand Corp. 

II. M. Horner, chainnan of United 
.Aircraft Corp.; I .. .A. Hyland, s ice presi- 
dent of Hoghes Aircraft Co.; Dan .A. 
Kimball, president of Aerojet-General 
Corp-; J. H. KindellKtger. chairman of 
North American Asiation Inc.; C. J. 
McCarthv. cluiirnian of Chance A'ought 
.Aircraft Inc., and J. S. McDonnell, 
president of McDonnell Aircraft Corp. 

The group told McKIrov tliat indus- 
try is not adequately capitalized to carry 
tlic burden of increasingly financing 
larger proportions of both work-in-proc- 
ess under all types of contracts and 
f;icilities for gos'crnmcnt work and 
added; 

"While the industry has 'plosved 
back" most of its profits into insentories, 
accounts receivable and facilities ami 
has obtained extensive outside financing 
as well, present policies of the De|);irt- 
ment of Defense actually call for a per- 
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manent cliange in tlie financial struc- 
ture of tlie industrv and (will) bring 
about drastic changes in long-range 
planning for the industry.” 

It warned that, if its recommenda- 
tions to speed ijayinents were not fol- 
lowed. "tlicn permanent capitalization 
of the industrv must be increased. 

"Equity and loan capital cannot be 
forced; it must be attracted by means 
of suitable tetunis combined with 
growth possibilities and reasonable se- 
curity and stability. To achiese such 
returns, the earnings on goi’cmment 
work must be increased substantiallv 
more than the ‘bare interest' costs cur- 
rently being proposed bv the Air Force 
in connection with the 80% CPFF 
Directive." 

Assistant Secretary McGuire rebutted 
in his letter to Orvai Cook that indus- 
try profits "are not too low, taking into 
consideration all of the factors under 
which the industrv operates." The let- 

"Because of rapid changes in tech- 
nology and in business volume and be- 
cause of the high cost of research facili- 
ties required in this industrv. it is prob- 
ably inevitable that such fiicilitics will 
ha\e to continue to be proiided largch' 
by the government." 

Committee of industrv le.iders told 
McElroy that basic cause of the U. S. 
tcclinical decline as opposed to tlic prog- 
ress of Soviet Union since World War 
II is the inadequacy of its \-arious re- 
search and development programs. 

It charged that "so many restrictions 
liave been placed on sclf-sbirting in de- 
fense matters, particularly with regard 
to basic research and innovations in 
weapons." that the follciwing steps 
should be taken if the U. S. is to regain 
its position; 

• Permit defense contractors to allo- 
cate as overhead against defense con- 


tracts, defense related rcsearcli and de- 
velopment "within reasonable limits." 


earnings to acquire fully adequate re- 
search and development facilities. 

• Reward the creative developer bv pro- 
tecting his legitimate proprietary rights- 

• Remove unnecessary restrictions on 
industrv 's right to make decisions. 

Assistant Secretary McGuire said the 
Defense Department agreed that “ef- 
forts should be made to provide more 
fTccdom and flexibility to industry in 
the attainment of performance goals 
vvitli less detailed review of dav-bv-dav 
engineering and business decisions." 
lie added, however, that, "where sub- 


stantial sums of money ate involved in 
such decisions or wliere some basic gov- 
tTimiental objective is affected, it is 
obvious that the government cannot 
divorce itself from responsibility. How- 
ever, a proper balance should be 
achieved for efficient operations." 

In its report to Defense Secretarv 
McElroy. the committee formally an- 
nounced its opposition to tlie annual 
acaued expenditure bill now before 
Congress. Different versions of the pro- 
posal, which requites the military to 
operate each vear under a legally estab- 
lished budget ceiling, liave passed tlic 
Senate and the House. The House ver- 
sion of the bill is now before the Senate. 


ARDC Stresses Space in Research 


Washington— l''uture Ait Force state- 
of-tlic-art icscatch and development will 
be largely oriented toward space tech- 
nology requirements, except for pro- 
grams aimed at meeting specific or an- 
ticipated weapon system needs. 

Space technology orientation criteria, 
outlined in Ait Research and Develop- 
ment Command directive issued earlier 
this year to ARDC Centers, will apply 
to approximately one-third of the S700 
million which Air Force expects to ob- 
ligate for research and development dur- 
ing Fiscal 1959, It will not apply to 
programs planned to support existing or 
new weapon system— or electronic sup- 
porting svstem requirements. 

The directive, signed bv .ARDC vice 
commander Maj. Gen. John W. Scs- 
suins, Jr., was intended to remove pre- 
vious barriers to space fechnologv Rd'D 
programs laid down before Sputnik I, 

Headquarters statement on state-of- 
the-art research and deveiopmentpolicv 
directs .ARDC Centers to: 

• Review and revise technical programs 


to assure that thev are "essentially space 
technology" oriented. ARDC Centers 
will not launch state-of-art development 
ill fields of ballistic missiles or aero- 
nautics except upon specific request of 
-ARDC deputy commander for weapon 
systems to meet needs of existing or up- 
coming programs. 

• Retain only those non-space oriented 
R&D programs which offer “potentially 
significant increase in future operational 
capabilities.” 

• Orient programs to seek new knowl- 
edge and/or demonstration of technical 
feasibility, eliminate hardware develop- 
ments from statc-of-tlic-art programs. 

• Apply “large percentage" of funds to 
developments "which may achieve rev- 
olutionarv advances,” although some ef- 
fort must also he devoted to programs 
of mote evolutionary nature. 

There are some indications that the 
policy directive, prepared and issued sev- 
eral months after Sputnik I was 
launched, will be libctailv interpreted 
bv the .ARDC Centers- 
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Space Technology 

Navy Balloon Flight Aids Space Research 


By Kvert Clark 

Washington— Sixth nranned balloon 
flight in Naw's Stratoiab series made 
signiScant contributions to space re- 
search last week by; 

• Lifting a U, S. astronomer to an alti- 
tude abore four-fifths of the earth’s 
atmosphere for the first time for studies 
of stellar scintillation effects of the 
atinosphcrr on astronomical seeing and 
other obsersations. 

• Providing the first yield test of a tele- 
nietry-telephonc system that probably 
will be us^ to return physiological data 
from the first orbiting manned spice 
sehieles. 

• Ptodueing unexpected medical infor- 
mation that might account for some 
pres'iously unexplained fatal aircraft 
accidents and could lead to abandon- 
ment of pressure breathing technique 
used in high altitude lliglit- 

The night-time flight was made from 
a J50-ft--deep iron ore pit near Crosbv, 
Minn-, using a 72 ft. diani., .0025-ih. 
thick General Mills polvcthrlenc bal- 


loon carrying an open 5 ft. by 30 in. 
lubcrgias gondola. 

Pilot was Cmdr. Malcolm D. Ross, 
atmosphere physicist in the Air Branch 
of the sponsormg agenc\'. the Office of 
Naval Research. Cmdr. Ross, a veteran 
of more than 20 balloon flights, admin- 
isters ONR’s Strato-Lab upper atmos- 
phere researcii progrant. 

Passenger was Alfred H. Mikcscll, 
Naval Obsenatory astronomer who has 
studied scintillation of starlight since 
1950 with Dr. John S. Hall of the ON 
sersatory and Dr. A. A. Hoag of the 
Obsers'atory's Flagstaff. Ariz., station. 
Dr. Hoag made similar measurements 
from the ground during tlic flight to 
correlate with the high-altitude infor- 
mation. 

Twelve-Hour Flight 

'I’welve-hour flight was called Strato- 
Lab Mikesell No. 1 in honor of the 
astronomer. 

Ross and Mikcscll encountered 60 
kt. winds and — 76F temperatures at 
the planned peak altitude of approxi- 


mately -40.000 ft., which they held for 
a little less tlian two hours. Descent 
was made in planned steps and obscr- 
\-ations were made at 28,000 ft.. 20,000 
ft-. 22,000 ft and 10,000 ft. Last alti- 
tude u-as held until sunlight warmed 
the helium in the gas bag to ptosidc 
lift and make a soft landing easier to 
accomplish. 

Botli men wore oxygen masks and 
new Navs cold weather gear, ssithout 
rcssure suits. Thc-\’ sat on their de- 
ated life rafts and parachute packs on 
small scats at diagonally opposite cor- 
ners, with only the lower parts of their 
legs inside the IS-in. deep gondola. 

Mikesell's primary goal was to meas- 
ure changes in briglitncss with time of 
tire telescopic images of certain selected 
stars in the 10-1,000 cscles per second 
range. 

For this, he used a small relatisely 
simple Quester telescope with a quartz 
lens to minimize atmospheric effects, 
and a four-channel, clccfronic-pliotiv 
graphic measuring system consisting of 
a pnoto-nniltiplier tube, amplifier, noise 
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meter and its recorder, wave aiiahztr 
and its recorder, cathode ras oscillo- 
graph and 35 mm. recording camera, 
and a separate recorder for indicating 
average source brightne-ss. 

Ile also made siibjccthe telescopic 
measurements of the effects of the up- 
per fiftli of tlie atmosplicrc on seeing 
(change in position, shape or size of an 
image) on the moon and planets, par- 
ticularly Jupiter. Venus and Mercury. 
I'ligiit ssus planned to try to coincide 
with a full moon if weather and otlicr 
factors pennitted. but it missed by ses- 

Otlier observations included atmo- 
spheric measurements for Naval Re- 
search Laboratory and tlie University 
of Minnesota, pliotograpliic nieasiirc- 
nicnts for Bureau of ,\cronautics. pho- 
tography of the cartli "glow" and meas- 
urement of the twilight period. 

Later flights will include mote scien- 
tific measurement of seeing. ONR's 
overall balloon program also calls for a 
two-man flight .sometime this fail to 
measure planetary atmosphere speefro- 
.scopically from a two-man, tclescope- 
earrving gondola at 85.000 ft. (AW Got. 
28. p. 27). 

Ross and Mikcscll made three simu- 
lated te.st flight.s in environmental cham- 
bers at General Mills' Minneapolis. 
Minn., laboratories and at the Naval 
Medical Research Institute at Bethesda. 
Md., before the actual flight. General 
Mills’ Balloon Division was contractor 
for the project. A Cessna 170 and a 
University of Minnesota Bccchcraft 
tracked the flight. 

In addition to piloting the balloon, 
Cmdr. Ross studied rotation of the gon- 
dola about the balloon’s vertical axis. 
Mikcscll expected to be able tn track 
stellar targets even with rotation as high 
as 15 deg. per min. 

Aeromedical observations vvere tele- 
metered tn a conv erted field ambulance 
nliich followed five balloon on the 
ground- Tlicy also were rclavxd "live" 
at intervals by phone lines to Capt. 
Norman L. Barr, eliicf of Navv's avia- 
tion and space medicine programs, at 
the Research Institute in Bethesda, and 
recorded thcrc. 

Telemctering-tclcphone svstem de- 
veloped under Dr. Barr's direction can 
cover entire earth. From orbiting 
vehicles, information would be trans- 
mitted to ships at sea. Tlicv would 
iclay by low frequenev radio to a central 
point or by radio to land masses where 
telephone lines would then be used. 
Special generating equipment is needed 
wlicn phones ate u.scd. 

This was the first field test of the 
system using phone lines, although Dr. 
Barr has used the FM/FM telemetering 
system to monitor balloon flights from 
his R5D flving laboratory in the past. 

For this flight, onlv pulse rate, elcc- 


trucardiogram, respiration rate and heart 
sounds for each man were rclayed. 
Svstcni can carry IS items, however, and 
existing telemeter systems carrying up 
to 96 items of information could be 
adapted to relay pliysiological and gco- 
phv'sieal data from satellites. 

Near the peak .iltitudc during the 
balloon’s ascension, cither Ross or iVIike- 
sell had a cliaiige in rate of electrical 
conduction from the top of Iris heart 
to the bottom, and this appeared on the 
electrocardiogram, ^is is the WPW 
svTidrame Familiar to cardiologists, hut 
Dr. Burr said this is the first time in 
aviation liistoty that the phenomenon 
lias been recorded in flight. 

If this occurred between 37.000 and 
59,000 ft., as Barr suspects the fliglit 
profile will sliow it did. it almost cer- 
rainly was caused by the cut-in of the 
pressure oxygen system, which would 
increase oxygen pressure in the lungs 
to 10 in. of water pressure. 

Number of people in whom the svn- 
drome might appear is small. Plicnom- 

Re-entry Satellite 

Wasliingfon— U. S. slimild be able to 
recover c.irth satellites in 1959 or 1960 
and kumch vehicles weighing several 
tons into orbit in tlie c.irlv 1960s, ac- 
cording to Dr. Herbert 1''. York, chief 
scientist of Defense Department's Ad- 
vanced Research Projects Agency. 

Dr. York presented a tentative time- 
table .md list of propulsion units and 
instrumented vcliiclcs to be used in 
U.S. space exploration in a talk before 
the .American Pliysical Society lieie. 

First advance in payload launching 
capability beyond the present Jupiter 
C and Vanguard systems to become 
available to the space scientists will be 
units based on the Thor and Jupiter 
intcrnicdiatc range ballistic missiles. 
Modifirations to these missiles would 
be primarily in the guidance systems 
and fuel and oxidizer tankage, llicse, 
York said, would be available in late 
1958 or early 1960 and w-ould be able 
to send about 100 lb. to 300 lb. into 
orbit. Fuel used would be liquid oxvgen 
and a special tvpe of kerosenc. 

I'urthcr development of these units 
to include more stages would inacasc 
their payload to a maximum of ap- 
proximately 700 lb. if placed into tlic 
easiest orbits. 

York defined an easy orbit as a cir- 
cular orbit about 200 miles Ivigh which 
lias been entered by firing to the east 
from a low latitude. Payload capacih- 
would go down as the launcliing 
azimuth was altered toward the north 
or soutli or the launching point moved 
farther from the equator. 

Other stages to be added to tlic 
basic IRBM first stage were described 


onon that uccutred on this fliglit still 
is one step short of the "runwav" lieart 
tliat would cause collapse of a pilot. 
But. Burr said rc-cv.iliiation of the u.se 
of pressure breathing will be necessary 
il turtlier investigation indicates that 
the oxygen pressure precipitated the 
phenomenon. Both Ross and Mikcscll 
were examined cxtcnsivciv before the 
flight. Pressure breathing on this par- 
ticiil.nr flight was used only to provide 
an additional 1.500 ft. altitude margin. 

Some operational military aircraft 
still require use of pressure breathing, 
and it has been employed in Killoon 
flights. On the basis of the earliest data 
on the fliglit, Barr feels the intended 
safety factor of pressure breathing mav 
be not only a possible liazard on future 
flights but might account for some of 
the previous unexplained fatal accidents 
fioni high altitudes. 

Strato-Lab Mikcscll No. I flight be- 
gan at 8:50 p.m. KDT on Mav 6 and 
ended at 8:26 a.m. EDT on May 7 in 
a field of clover in Ivast Dubuque. Ill 

Predicted for ’60 

as being of special design but using cur- 
rently available fuels. 

Recoverable satellites sliould also be 
available during tliis period, according 
to York. 'Die percentage of the weight 

E laced in orbit that would he available 
It insfruincntation would be about 
50%, however, to permit mote rugged 
eonsfniction of the satellite shell so 
that it could accept a large quantity of 
heat during rc-entrv. 

'Fhesc modified IRBM launching 
systems also would be capable of send- 
ing pavloads to the moon and bevond. 
Hie -\RPA scientist said that this type 
of mission would lower the pavload 
to between one-fifth and one-third of 
the satellite payload. Tlie lower fraction 

where the upper stages were specificallv 
for use in the escape niissiim. The larger 
fraction refers to tlie case where an- 
other stage iv'.is added to a vehicle 
intended to launch earth satellites. 

Anv extra equipment, such as retro- 
rockets designed to slow the pavload 
down for an easy landing on the moon 
would reduce the amount of payload 
allowed for instruments. 

Ilic next large increase in pavload 
launcliing capacity outlfned by York 
would come in the eatlv 1960s, possiblv 
as carlv' as 1960, when ICBM boosters 
become available. Tliese would again 
use a special tv"pe of kerosene and liquid 
oxygen as propellants and. initially, 
they would be able to place approxi- 
mately one ton in a satellite orbit. 
Ultimately, York indicated that, witli 
the addition of extra stages, the vehicles 
could send several tons into easy orbits. 
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Navy to Establish Moon-Uelay 
Radio Communications System 


New York— Nmel point-to-pnint ci- 
ilio comnnnhc.itioiis system that «ill 
Ixnince signals off the moon and extend 
llic range of liiic-of-siglit frequencies 
to sc\'cral tliousand miles is lieing es- 
tiitilislicd by Naw. 

I'lic new svsteni, tcporleclh capable 
of presiding one \nice cluunel or sc\- 
iral telctvpe cliannels. was ttsealed bv 
l^ear Adin. II. C. Bruton, director of 
nasal coiniiiunications, during a recent 
talk before the Nesv ^'ork Cliapter of 
Armed I'orcc.s Communications- Elec- 

Adm. Bruton said tliat imicb thought 
Is being gisen to use of man-made satel- 
liter for communication purposes, both 
as passis-e reflectors and as actise relay 
stations. Anotlier possibility is to store 
data in a s.-itellite, then play it hack on 
command svlieii satellite is oset another 
portion of the earth. 

Complementory Systems 
entions systems intended to inect future 


Nasy needs, sshich ate "ssell along in 
deselopmeiit.’' also ssere reported. 

• High Capacity Coinnuinications Sss- 
tem for shipboard use will employ single 
sideband tcclmiqiies, be capable of 
ptoriding one voice channel and up to 
-to teletype channeb for each Iransinit- 
ter and teceivet. Single antenna nill 
serve for transinissnm and reecption. 

• Naval Tactical Data System, also for 
sliipboard use, will employ digital coin- 
munioalion techniques for Iransinis- 
vion of tactical situation and radar data. 
Three types of radio links arc being de- 
veloped to satisfv different data rate, 
transmission distance requirements. 

Navy recently made fleet evaluation 
of single sideband equipment, using 
commercially av ailable hardvivirc. "Com- 
munication improvement was so marked 
and the operators were so cntliiisiastic, 
that considerable pressure was gener- 
ated fur iiiimccliate installation of such 
equipment." .Adin. Bruton said. As a 
result. Naw is accelerating its plan to 
use single sideband fur medium and 


high frc<iuencies "to the extemt that 
funding levels will permit," Bruton said. 

The adnimil also reported; 

• Now bigli-|)Ower very-lovv-frequcncy 
(VLl'l station, for communications 
vvitli completely subntetged submarines, 
is under construction in W'asliington 
County. Maine. New station will Ire 
more than twice as powerful as tlie four 
VLE slaliims now in operation. 

• .Aecelcratioii of rate at which data can 
be transmitted at AT.l' frequencies is 
eomiiig. "Ill time wc expect to be able 
to use one. possibly more. 60 word-pet- 
niimite teletype channels on all our 
Vl-b stations." Bruton said. 

• Meteor-hurst and ttO|»splicric scatter 
techniques are uiidct investigation for 
ship-to-shijj and .sliip-to-sbore use. Rela- 
tively small antenna size, weight, power 
and antenna orientation requirements 
for nreteor burst technique make it ap- 
pear feasible for shipboard installation. 
•Broadband sleeve type antennas which 
utilize parts of ship’s hull as antemia 
element have been dovcTopcd bv Naw 
labor.itoties- 

Number of different shipboard an- 
tennas required also is Ixing reduced 
through use of coupling devices which 
allow several traiismitfers and/or re- 



Russians Display Barrage Rockets 

Russian barrage rocket in a launcher sonicvvliat similar to those shown in the Nov. 7 parade lust year (.AW Mar. 17, p. 66| was part of the 
Mav Dav parade in Moscow this vear. Much shorter than the previouslv shown rockets, these I.ave eemfiguration leminisctiit of Nord 
SS.io tactical missile bnl without cv-idence of the SS.lO's fins or wire guidance. Launchers are shorter tluii those shown Nov, 7 and have 
110 discernible offset to give missile spin as those did in earlier prade. 
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Partial Submersion Eases G Force Effect 


Washingtou— Ait Research and De- 
velopment Command reports that 
humans p-artially submerged in water 
have managed to withstand liiglieT G 
forces than previously thought possible. 
Neither today’s flying equipment nor 
complete submersion was found to be 
as desirable under extreme accelerative 
loading as partial submersion. 

Nine volunteers at the Wright Air 
Development Center, Dayton, Ohio, 
were subjected to a series of tests by 
Aero Medical scientists. 

W’licu completely submetge'd in 
water in a coffin-like container, tlic men 
were subjected to increasing G forces. 
It was found tliat movement of the 
limbs was easily accomplished since 
the subject's effective weight was lower 
because of his immersion in water. 
Phvsiological improvement did not de- 
velop, liowever- The subject suffered 
chest pains, had difficulty in breathing 
end finally blacked out under about 
the same force that he normally would 

Tlicn the subjects were placed in ,i 
supine position and the container par- 
tially filled with water so tliat tlic body 
position approximated tiic positions 
which rcctiif findings liave found to 
be best for resisting acceleration. In 
this partially submerged condition, tlic 
torso and he-ad were at an angle of aj>- 
proxiniatcly 35 deg. to the liips- 

In this attitude, the man was com- 


pletely mobile at 13Gs. Time this 
force could be withstood was limited 
bv a chest pain which made breathing 
difficult. I'iftcen runs were made at 
l3Cs and some lasted as long as four 
min. This compares with 12Gs for 1.75 
min. once thought to be a max. for man. 

burthcr tests are planned. Tlic equip- 
ment used in this series was considered 
unsafe above 13Gs. 

As presently envisioned bv the cx- 
petimentets. the space flyer that would 
circle the earth only a few times w ould 
be submerged in water that would reach 
just under his eves when he stood. 
T his submersion would last during the 


entire fliglit, and bis eyes would stay 
above water so that his vision would 
be unimpaired and lie could monitor 
dials. The controls he would have to 
manipulate would be under water. 

Idea of submerging a man in water 
to reduce G loadings was originally 
based upon Aicliinicdcs’ principle that 
a bodv when immersed in a liquid will 
displace a weight of liquid equal to liis 
own weight. This effectively reduces a 
man’s weight and theoretically would 
lower the force on his bodv during any 
given number of Gs- Tlie ARDC rc- 
se.itch sliowcd. however, that body posi- 
tion was also a critical factor. 




FORCES up to 13Gs have been tested in container. One of nine volunteer subjects prepares for test at right. 
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Space Technolofiy 


Anderson Attacks NASA Space Program 


By Ford Kastman 

Washington— Consiclciiible rcrision 
of the Administration’s proposed plan to 
create a national spate agency with the 
National Adi isory Committee far Acto- 
nauties as its nucleus sms predicted last 
v.eet hi' Sen. Clinton P. Anderson (D- 

Another witness. Rov \V. Johnson, di- 
rector of the Advanced Research Proj- 
ects Agency endorsed tlie general con- 
cept of a civilian agency but flatly 
oppo.scd legislation submitted by the 
.Administration. 

He said the plan as presented could 
seierely restrict military space projects 
and harm national seciiritv. Johnson 
suggested that the warding of the bill 
he changed so that the militari- could 
continue to control space projects 
needed for national defense. He added 
that most of the projects planned for 
the area bctivccn the earth and moon 
would be mostlv military in nature but 
that projects beyond the moon probably 
Mould be cii’ilian. 

Anderson, a member of the Senate 
Special Committee on Space and Astro- 
nautics. launched a bitter attack against 
the plan as the committee began hear- 


ings on the space agency proposals. He 
began his attack during questioning of 
James H. Doolittle. NACA chairman, 
and later detailed objections in a speech 
on the Senate flow- 

Anderson, ubo also serves as s'ice 
chairman of the Joint Committee on 
Atomic linergs'. said he agreed in 
principle «ith the Administration plan 
but objected to many provisions and tlic 
lack of others. .A major part of his criti- 
cism nas directed toward tlic fact that 
the bill had been drafted by the Bureau 
of Budget. 

He siiid tliat after the President ruled 
that the space program should be under 
civilian control, the Budget Bureau was 
asked to prepare draft legislation and 
fonvard it ter Congress. But, lie said, 
there is substantial conflict belMeen tlic 
Picsident's purposes and the draft: 

"Revisions arc needed to cure de- 
fects," Anderson said, "or pctliaps a 
completely neu' bill must be written." 
He listed these specific problems: 

• “Budget Bureau tried to oiodify exist- 
ing legislation under which NACA 
operates and make it into a bill for the 
outer space agcnci', but the two con- 
cepts are not compatible. NACA is 
essentially a tcsearcli study and service 


group M'hich has never worked on or 
directed a complete project, while the 
ncM' agency would direct whole projects 
and use contract powers to a great cx- 

• “Membership of the present NACA 
17-member committee is changed under 
the proposal from 10 government and 
seven priiafe reprcscntatiies to nine 
private and eight goiemment repre- 
senfatiies. thereby turning oi'cr control 
of the new agency to private persons." 

• "Tlie 17-man board would liai'e rc- 
Icrrcd to it all policy, programs, budget, 
organization and major personnel mat- 
ters. W'ith that mucli power of de- 
cision, they obviously would control 

• Bui^ct Bureau draft bill is "silent" 
on tlic international aspects of space 
Icchnologv. "lilt omission is indeed 
strange u'licn we think of this science 
as a force for peace and see the ample 
provision for niilitarv representation in 
the agency.” 

• “The ])roposal contains no section on 
patents. Its silence leaves p:itent aivatds 
in tlic hands of the new space agcnci’. 
Since a majority of the board controlling 
the agency ivill be from private life, one 
would wonder what thought was given 
to protecting the goicrnnicnt’s interest 
in the patent rights arising out of con- 
tracts for researcli and dciebpment of 
outer space components. 

• “NACA is requited to come before 
Congress to obtain specific authorizing 
legislation before it can construct new 
facilities or expand existing ones. This 
proi'ision was deleted in the proposed 
bill." 

• “Bill calk for the civilian agency to 
be responsible for all space programs 
except those peculiar to or primarily 
associated with military weapon systems 
or military operation. If this is to supply 
the demarcation between civilian and 
military control, it would be a farce to 
call this a civilian program. So feu 
things in modem life could not be 
described as peculiar to military oper- 
ations that if the same test were used 
in the rest of our national affairs, we 
would haie a militarv dictatorship.” 

• "Draft provides that the new agency 
report to the President annually, but 
Congress, while it is called upon to 
appropriate billions of dollars of pub- 
lic monev, must often proceed with 
the .scantiest of infonnation." 

• “Draft provides criminal penalties for 
disclosures of information and violation 
of the space agenev’s security regula- 
tions. We have learned that penal pro- 
'isions of a substantive nature in new 


•5 Age 


House Budget Requests 

,;lon-Biidgct reqiwsls totaling $S20 million for Fiscal 1Q;9 have been 
to the House Appropriations Coniiiiittcc by tbe .Adranced Rcscareb 

purposes assoeiated with missile defense, militarv satellites and space 
technology' and S72 inillicn to continue non-military space projects authorized by 
the President- Tile breakdoan is as follows: 

(in inillioiis) 

1. Miside Defense Against ICBM S157.4 

2. Mibtarv Reeoiinaissanee Satellites 152.0 

). Military Developments Cor and Applications of Space 

Technology' 138.2 

3.1 Man in 'Space S-*6.2 

3.2 Special Fiigines 70.0 

3.3 Special Components for Space Svstems 10.0 

iA Project .ARGUS 15.0 


3.5 S 


llitc Tta. 


;mg ai 


3-6 Satellite Communica 


ing. 




3.7 Bomb-Powered 

3.8 Solid Piopeibnts 

1, Other Advanced Research 

4.1 .ABM.A/JPL Program 

4.2 Afi‘B.\ID Program 

4.3 Naval Otdnaiict Test Station Program. 

4.4 Follow-on Program 
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Newest Member in a Family of Greats! 


The Canadair “540”. lurbine-powered with Napier-Eland engines, 
is the newest member of a great family of aircraft, and one that 
challenges any competitor on short and medium route patterns. And 
yet, with all its newness, the Canadair "540" still has behind it some 
6,000.000 hours of operating experience gained on Convair “240's". 
"340's" and "44D's" In airline and military operations all over the world. 
By special arrangement, Convair has trunsferred to Canadair all "440" 
production tooling which makes possible an Immediate cstablishmem of 
the production line. First deliveries to the Royal Canadian Air Force will 
begin irt July, 1959, building up to a delivery capacity of five per month. 

In addition, Canadair lakes over world-wide rights for all future production 
and sales of “540" turbo-props. Your inquiries are invited. 


Check these important facts! 

Speed: 325 mph, 

Payload; 13,800 lbs. 

Seat mile cost: approx. 1.3-1. 5(i 
Rate of climb: 1200 fpm. 

Seating; 48-54 
Range: up to 1500 miles. 

Runway: 4700 ft. 

Operating altitude: 15,000-20,000 fL 


C-L 


CANADAIR, 


CANADAIR IS A SUBSIDIARY OF 6ENERAL DVNAIVIICS CORPORATION 
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This plastic combustor model enables Westing, 
house engineers to predetermine combustion 
efficiencies in turbojet designs. Observations of 
the flow of the colored water and air bubble 
mixture permit visual evaluation of air flow 
patterns in normally imobservable areas of 
engines. This test method minimizes trial and 
error testing with handmade metal prototypes. 

Development of the latest J34 configuration 
for use in North American Aviation’s T2J trainer 
proved the value of this water flow analogy test 


rig when design modifications to permit the use 
of avgas and JP-4 or JP-5 were quickly and 
accurately evaluated. This is just one of the 
many complete facilities for research, design, 
development, testing and production of jet 
engines at the Aviation Gas Turbine Division, 
Westinghouse Electric Corporation, Box 288, 
Kansas City, Missouri. j.s405o 


you cAu .BE SURE ... IF irsWbstinghouse 


Westinghouse proves 
jet combustion 
efficiency 



Get on-the-spot AVIONICS 
with this powerful electronic computer 
ROYAL PRECISION LGP-30 


Large capacity ... easily programmed 
and operated . . . mobile . . . low in cost 

No more waiting in line for those answers you need! 
No more lost time in reducing valuable data from flight 
test, wind tunnel, missile development! Not with the 
Royal Precision LGP-30- Compact, completely mobile 
. . . LGP-30 will today furnish you with high-speed 
electronic computation wherever you want it. And at 
the lowest cost ever for a complete computer system! 
Unusual capacity. Operating from a standard wall out- 
let, performing an almost unlimited range of calcula- 
tions, the self-cooled LGP-30 allows you to work your 
problems at the site or at your desk . . . gives you the 
flexibility of stored-program operation combined with 
speed, memory (4096 words) and capacity comparable 
to equipment many times its site and cost. 

Easy to operate and program. LGP-30’a controls are so 
simplified, even non-technical personnel are quickly 
trained. Programming, too, is ea.sily learned. A library 
of sub-routines, plus programs for a wide variety of 
avionics applications, is available. 


Wide scope of aircraft applications. In addition to flight 
test, wind tunnel and other data reduction jobs, LGP-30 
is currently being used in a great variety of aircraft 
applications, among them vibration and flutter analy- 
ses, thermal stress distribution, wave drag calculations, 
problems of transient heating, propulsion research 
problems, lofting, operational and flight test trajectory 
studies, surface and air missile launch problems. 

Escepdonal value; complete service. Smallest initial in- 
vestment ever for a complete computer system is com- 
bined with low operating and maintenance costs. Coast- 
to-const service facilities. 

For further information and specifications, write Royal 
McBee Coi'i)orntion, Data Processing Division, Port 
Chester. N. Y. 


ROYAL MCBEE 
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laws weaken tlic basic statutes." 

Anderson said he hoped the Budget 
Bureau draftsmen would be called be- 
fore the committee to explain many 
provisions of the bill and why otlica 
provisions were left out. lie said he also 
wants to know why the bill makes a 

E rovision for the acceptance of gifts 
v the agency from private sources and 
why jurisdiction over outer space mat- 
ters should not be conttolled hy ap- 
pointed government officials confirmed 
by the Senate than by private parties. 

■ National program should be far 
broader tlian now contemplated. 

• Congress should establish the policy 
that the new agency utilize existing 
facilities and talent so far as possible. 
I'or example, he said an almost un- 
limited reservoir of scientific and engi- 
iiecmtg talent exists in the Atomic 
Energy Commission. WTiile the AFC 
probably should not have jutisdiction 
over the outer space program, he said 
legislation should provide a mechanism 
whereby the Space agency can use the 
major labomtory facilities of the .^EC- 
• Space Agency should be started on a 

McNeil Describes 

Bv Katherine (ohnsen 

Washington— Defense Department's 
comptroller. Assistant Seaetary \^'. f. 
McNeil told the House Armed Services 
Committee bsf week that the Presi- 
dent's plan to reorganize the Defense 
Department would “neither hurt nor 
cute" the two major financing prob- 
lems that cause entanglements and 
delays of programs. He listed them as: 

• Prc-piogtaniming, dictated bv tcch- 
nologiatl progress, shifts in the interna- 
tional situation or changes in military 
thinking. 

• Spending ceilings, imposed by the 


Lockheetl-IAM Contract 

Tentative agreement on a new two- 
year contract covering t6.(H)0 Lockliecd 
employes in Burbank. Palmdale and May. 

chairnian oi the company and union 
negotiating committees that have been 
bargiiiung tor nearly tour months. Lock- 

cluded in the tentab've contract. 

Tentative agreement would provide 
wage and benefit increases averaging 
nearlv 22 cents an hour. 

Announcement came from Donald M. 
Wilder. Lockheed California Division in- 
dustrial relations director, and John 
Snider, president of lAM Lodge 727, 
Snider will report details of the agree- 

mceting to be scliedulcd os soon as pos- 


small scale. M'hethcr a one man ot a 
three-to-five man commission should be 
in charge is a matter for further study, 
.Anderson said. 

• Statement of ]x>licy should call for 
international negotiations to seek inter- 
national agreement to deny the use ot 
outer space for military purposes and 
piovide for mutual scientific coopera- 

• Establislinieiit of an entirely iicvv 
agency with power to place require- 
ments for scientific study and ■vvotk 
upon N.ACA rather than work within 
its structure “where industrv and mili- 
tary personnel are so much in com- 
ntand ' should be considered. 

• Language which protects the govern- 
ment interest and vet equitably awards 
to inventors the exclusive riglit to profit 
from their work should be found. 

Adm, Lewis Strauss. AEC chairman, 
differed with Anderson on the adminis- 
tration proposal and said the contmis- 
sion concurred with him in supporting 
the basic concepts of the plan which 
creates one agency to direct and control 
the space program. 

Fiscal Delays 

debt limitation or other considerations. 

McNeil said. Iiovvcvcr, that the plan 
might pive the wav for quicker de- 
cisions on priorities and program re- 
casting by increasing the power of the 
Secretary of Defense and reducing con- 
troversy over his decisions. 

Rep. Carl Vinson (D-Ga.), chairman 
of the committee, has contended, with 
the support of most members, that the 
Defense Secretary alreadv- has full 
authority to make such prompt deci- 
sions. and that the main reason for 
confusion and delay at the Pentagon 
has been his failure to exerci.se it with 
an attitude of "I'm boss.” 

McNeil protested Vinson’s clvargc 
that, through purse string control, he 
has established himself a.v "supervisor" 
of nrilit.iry programs in his “zeal to 
make a splendid record.” McNeil said 
the budget simply reflects the military 
decisions of the Secretary of Defense, 
the Joint Chiefs of Staff and others. 

He described his role as “reviewer, 
coordinator and catalvst.” 'Flic comp- 
troller's office, he said, is "the only one 
place that sonic 3,000 defense programs 
come together.” affording the oppot- 
fmiity for overall evaluation. He sviid 
he points to inconsistencies and makes 
recommendations but ein|ihasized that 
the decision-making is left to others. 

McNeil also challenged testimony by 
Lt. James Gavin, retired fonnet chief 
of Army research and development, and 
others that niilitary programs arc being 
hamstrung in the comptrollct's office. 
Commenting that Gavin "not once" in- 
quired about the release of funds, al- 


though he conversed with him regularly, 
McNeil observed: 

“Actually, the crux of the matter is 
the difficult task of reaching the proper 
decisions in these days of rapid change, 
teclinological progress and frequcntlv 
conflicting military and technical advice. 
Once finn program decisions arc made, 
the record will show that fund appor- 
tionments are made speedily.” 'The 
hearing also disclosed: 

• Defense Department has a total of 
140,638 budget personnel, 173 in Mc- 
Neil's office. Armv has 38,454; Naw. 
58,612, and Air Force, 43,399. 

• “Inspection and Audit Division” is 
being established in the compttollet’s 
office "to make special physical and 
financial inspections and audits of de- 
fense operations and programs.” 

Other developments: 

• Air Force Chief of Staff Gen. Tliomas 
D. W'hite gave full support to the 
President's plan. Gen \\mite was par- 
ticularly enthusiastic over the proposal 
to build an operational staff for the 
Joint Chiefs of Staff and to transfer 
service functions to the vice chiefs of 
staff.s. He said this would enable the 
Joint Chiefs to become "tantamount to 
a genera] staff” and develop "corporate 
views" to end intcrservice duplication. 

• Adm. Arthur Radford, former chair- 
man of the Joint Chiefs of Staff, said 
he was "in full accord” with the "ob- 
jectives'' of the President’s plan. 


News Digest 


Air Force B-47s will begin a modific.i- 
tiem program in which the wings will be 
reinforced with steel plates. Purpose of 
the modification is to provide greater 
safety when the aircraft arc used in low- 
level labs bombing techniques for which 
they were not specifically designed, Tire 
steel plates also will provide a fix for 
any fatigue failures tliaf might he im- 
minent. A recent accident investigation 
has indicated that fatigue failure might 
have been a primary cause. 

I'lying Tiger Line, only one of the 
four all-cargo domestic carrier that had 
not asked for subsidy, made it unani- 
mous last week. The line said it 
planned to ask the Civil Aeronautics 
Board for c.xcmption from its certificate 
provisions that prohibit government 

Gcmian financial backing has been 
assured to Sneema to allow French en- 
gine firm to continue \^'OL Flving 
Atar project into supersonic range. Re- 
ports indicate Sneema will work witlr 
Focke-AVulfc of Bremen. Company lias 
been seeking German aid for some time 
(AW April 14, p. 67) after French Air 
Afinistry refused additional funds. 
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AIR TRANSPORT 


Local Service Lines Protest Rate Plan 


CAB bureau recommendation to boost rate of return 
from 8% to 9.5% termed inadequate; 12% asked. 


By Robert H. Cook 

Washington— Local sen’ice airlines 
plan an all-out attack against a tccom- 
incndation to the Civil Aeronautics 
Board allowing the carriers a 9.5% re- 
turn on inrestincnt based on the ex- 
pected cost of attiactiiiE ne« financing. 

Objecting to both the amount and 
method of rate making, the carriers say 
the proposal fails to meet their financial 
needs which tlim' estimate will require 
a return of at least 12% as opposed to 
the present allowance of 8%. 

CAB Proposol 

Submitted bv C.^B’s Bureau of -\ir 
Operations in the Rale of Return-Local 
Service Carriers Case, the proposal 
urges adoption of a "cost of capital ap- 
])rrucir’ of rate making. Basis of the 
"apptaach” method is an estimate of a 
hair rate needed to encourage and pav 
the costs of direct loans and stock is- 
sues needed for expansion. As a frame- 
work for its stiidv, the bureau applied 
this theory to the "medium eight” 

.^ftornevs for the Assn, of Local 
Service and Territorial .Airlines prepar- 


ing rebuttal testimonv in the case say 
they will fight for a rate based on a per- 
centage of gross revenues in an effort to 
expand a dwindling profit margin, 'lire 
CAB last vear viewed such a inethod as 
"essentiallv a cost plus concept" which 
geared profits to the v olume of business. 
During its beating in the first phase of 
the General Passenger l'"ate Investiga- 
tion. the Board also charged that local 
service carriers liad failed to offer any 
evidence as to w hat operating ratio w-as 
needed or whv. .\LT.-\ attorneys say 
their rebuttal testimony in the Rate of 
Return Case will center around their 
need for the operating ratio concept 
along with an cstiniatcd rate needed. 

Nfajor objections bv the carriers to 
the bureau exhibits center about the 
(ullowing puiiits: 

• 9.5% rate is too low and should be a 

• Cost q|)|)roach cannot apply to local 
service carriers because too little is 
known of the present or future st.itus of 
tlicir common stocks on which to base 

• Difference behveen the capitalization 
structure and operations of the ‘"middle 
tight" trunklines is ton great for any 


comparison for a rate making purpose. 

Reviewing the need for at least some 
increase iu tlie rate of return, the bu- 
reau said that a studv covering figures 
for the past 10 years showxrd thatlocal 
service carriers paid as muds as 1% 
more for loans than the "nriddle eight" 
trunklines. 

.^n interest rate of 5.28% was needed 
to obtain this capital as compared 
with the 4.78% paid by the trunkline 

'llie cost of floating new stock issues 
was estimated at 8% of the purchase 
price of the shares for the smaller car- 
nets. 'llie local service carriers conteiul 
that this "cost-of-aequisition” phase, 
coveting the expense of advertising, 
sales coiiuiiissions and printing is iimv 

I'csfimony during the General Pas- 
senger Fare Case last vear reported that 
it cost six times as much to acquire 
equity capital as debt capital. 
Debt-Equity Ratios 

Debt-eqmtv ratios for the local scrv ice 
airlines range from a low of 19% of 
capitalization for Smitlierii .\itwavs to a 
high of 90% for Mohawk, tlic biiteau 
said. Average for the industry was esti- 
mated at 55.5% debt and 44.7% 
equitv. Hiese figures probably will rise 
to 75% and 27% bv the end of this 
vear. according to the exhibits, which 
recommended a debt ratio of 55% of 
capitalization as "fair to the group.” 

•Application of the rate of return 
formula suggested bv the buieaii will 
oiilv complicate an already ovetlv com- 
plicated issue, the local scnice carriers 
say. Investment base, anchor of the 
proposal, is virtually non-existent for 
these carriers, most of whimi operate 
DC-5 equipment, "l ire eciistantly de- 
creasing value of these aircraft has left 
the industry "abnormally undercapital- 
ized," presenting both a shrinking in- 
vestment base for a fair rate of return 
and a dwindling uf capital structure 
that fails to attract investors so that 
equipment expansion programs can be 
carried out. 

Crucial Point 

I'Otmcr C.AB Chairmair Oswald Rvan, 
who testified for the local service car- 
rias last year, says the iiivcstiueiit base 
|rrobltm is the crucial point in deter- 
mining a fair rate of return. Tic de- 
nounces the present C.AB rate of 8% 
on investment fur the Inail carriers as 
both unsuitable and inadequate. 

"Key to security” for the carriers. 
Ryan says, would be a rate based on an 
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East German Jet Transport Rolls Out 

East German BB 152 jet transport, shown at rollout at Dresden plant, has major stnichiral changes from model revealed at Leipzig Trade 
Fair (AW Mai. 24, p. 52). Aireratl lias bombardier-type nose, pronounced aniicdral droop tu wings. Landing gear is tandem and incorpo- 
rates retractabie ontiiggcrs on each wing. Designed by Prof- Brmiolf Baade, transport is scheduled to fly soon. .Aircraft scab 72 passengers; 
appaicntlv has lower fuselage doors underneath circuiar windows for cither cargo or bomb load. Fom Type 024 engines have 6,950 lb. 
thrust each. 


operating ratio of expense to revenues 
that would provide a "margin cushion" 
needed in a "highly volatile" operiilion. 

Indicitive of the liigh risk involved 
in local service operations is the extreme 
sensitivity of the carriers to the slight- 
est decrease in traffic revenues. Ryaii 
says that a drop of as little us 1 % in an 
operational forecast would wipe out 
89% of a tv-picil local service carrier’s 

llic same pcrccnfagc decrease, lie 
adds, would slice 30% from the profits 
of a trunkline but only 12% from a 
public utility . 

Rate of Return 

Rvaii also believes tluit, while a rate 
nf return based on investment suits the 
needs of public utilities w itli large capi- 
talizations and low annual turnover, air- 
lines are "radicalh different" since their 
anniu! revenues often equal or double 
tlicir investment. 

C-AB’s present "guarantee" of an 8% 
return on investment is termed a "fal- 
hicv” by tire local service carriers who 
(joint to a realized rate of return of only 
1.43% between 1940 and 1936. while 
testimony in the Suspended Passenger 
Fare Case set an average rate of return 
of 10-77% for trunkline carriers over 
Ihe same period. 

Load factors continue to be a finan- 
cial problem for the smaller airlines 
wliich have an actual lard factor average 
of only 45% as compared to an aver- 
age need of 75%. 

Approximately half of the carriers 
need a load factor average beyond that 
of the group average, according to the 
bureau exhibits- 


Court Upholds CAB 
in Speclil Decision 

Washington— U. S. Court of .Appeals 
last week upheld a Civil Aeronautics 
Board order revoking the airline Iraiis- 
port rating of Trans World .Airlines 
pilot Leonard J. Spccht. 

In it.v original coin|jlaint charges, the 
Board found that Spccht had failed to 
adhere to air traffic control clearances 
under IFR conditions on a flight front 
New A'ork to St. Louis (AW' Match 
18, 1957, p- 50). The complaint 
charged that Speebt ". . - by his actions 
as heretofore alleged, demonstrated a 
lack of degree of responsibility, care 
and judgment required of the holder 
of an .Airline Transport Pilot Certifi- 
cate." 

Spccht allegedly left an assigned 14,- 
000 ft. position and climbed to 18,000 
ft. despite air traffic control instructions 
to maintain 14.000 ft. bcc-au.se of a 
Capital .Airlines flight at 16.000 ft. F.f- 
feet of the Board’s order was to requite 
Spccht to cease flying as a pilot in com- 
mand. although he has since been 
issued a license to act as co-pilot. 

Tire Court upltcld the Board’s con- 
clusion that no cmcrgcncv exi.stcd to 
justify the pilot’s change of position to 
an 18.000-ft altitude. The Cciiitt also 
supported the Board’s firrdings that 
Spccht failed to exercise the highest 
degree of cate expected of an airline 
transport pilot and "was therefore ‘care- 
less’ within tlie meaning’’ of Civil Air 

On Spccht's contention that the 
Board erroneously placed the burden 


of proof on him to show that there 
was in fact an cinergenev situation, the 
court said: 

. . the facts and circumstances of 
the claimed emergency were peculiarly 
within the knowledge of tlie pilot. It 
was not error to rest the burden of 
going forward with the proof of the 
emergency on tlic pilot who claimed 

Spccht argued that he has satisfied 
all technical requirements for an airline 
transport pilot rating and is qualified to 
hold the rating and certificate. 

CAB Plans Recess 
in Fare In\ esligation 

Washiuglon— Civ il .Aetonaiitics Board 
has called a recess of four weeks in the 
General Passenger Fare Investigation 
despite protests against delays in the 
loccedings by the airlines and the 
oard’s examiner. 

In ordering the four weeks recess re- 
quested by the C.AB Bureau Counsel, 
the Board emphasized the action docs 
not represent a "dcpiirturc from our 
basic desire for maximum expedition in 
this CISC." The recess will begin after 
all evidence from all parties other than 
the Bureau Counsel has been received. 

The Board said over 400 new or re- 
vised exhibits have been submitted 
since Feb. 5 and pointed out that the 
transcript of hearings since that date 
totals over 4,000 pages. The Board con- 
cluded that, in view of the huge volume 
of material requiring analysis and study, 
a four-week recess will be requited by 
the Bureau Counsel to prepare its case. 
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Aer Lingus Contends With Route Growth 


By William H. Gregoiy 

Dublin— Acr Lingiis. tlic niitional-iiir- 
liiic of Itcliinel, wliicli built a relatively 
iiiiall but profitable operation on a 
monopoly scrrice between Ireland and 
Britain, now is faced with digesting a 
combination of CNpundcd routes in 
Europe and America and competition 
in its own backyard. 

The first taste has shown the bigger 
morsel to be not entirely tender. Iratfic 
on tlic extensions in Europe, largely 
through Manchester in Britain, was 
lower than expected, and the airline will 
show an operating loss this year of 
about SI 50,000. 

Not Unduly Concerned 

Act Lingus is not unduly concerned 
ever this prospect. Six months ago it 
appeared that the deficit would be 
twice that figure, and furthermore the 
sale of three DC-l.s for S556.000 will 
produce a net profit for the year. 

'Ibougb part of a complex, gorern- 
inent-backed system of corporations. 
,\cr Lingus in o|K;raHon is a compact, 
flexible organization built around the 
ininiimmi in frills. 

Ireland’s Dciwrtmcnt of Industry and 
Commerce is at the top of the organ- 
iwition chain, and the minister. Sean 
l.cinass. was the driving force in the 
gosernment in flic long fought estab- 
lishment of Irish .Air Lines. 'T'his sister 
totporalion of .Act Lingus is the trans- 
/itlantic branch of Ireland’s air svstem 
(AW May 3. p. 41). 


Tlic department directly controls 
Shannon .Airport and is striiing to pre- 
serve its suniial in the jet age. Shan- 
non is a free port and genetOHS tax 
provisions and land grants arc oRered 
tti nianufactiircts who will establish a 
plant at the field. .Also, a jet-length run- 
way is planned there. Shannon is sepa- 
rate from the test ot the Irish air sys- 
tem organization. 

This consists of: 

■ Act Rianta. Besides holding the Irish 
capital in the two ait lines, Act Rianta 
manages Dublin Airport, whieli, for all 
practical )iutposes. is an merlianl Ixisc 
and home terminal for Acr Lingus. 

• Act Lingus. 'Iliis was the original 
Irish air carrier, csbalilished in 1936. 
Act Rianta owns 905<* of it and British 
l'!utopeaii .Airwais the rest. 

• Irish Ait Lines (Aerlintc Eitcann). 
■lliis is owned 75% by Act Rianta and 
25% by Sealioaid and W'estern .Air- 
lines, the U. S- carrier which leased it 
three Lockheed 1049II Super Constel- 
lations for the transatlantic scnicc. 

Until 1936. BEA owned 40% of .Act 
Lingus. Under the route and ownct- 
sliip tciision made that year. Act 
Rianta purchased thtec-fourths of this 
share and in turn 0[x;iicd prciious .Acr 
Lingus nionopolv routes between Dub- 
lin and Birmingham, Cardiff. Man- 
chester, Liverpool and London. Acr 
Lingus retains some monopoly routes to 

In exchange, .Acr Lingus obtained 
lights through Manchester to Zurich, 
Rome, Erankfurt and Brussels and to 


extend its existing Dubliii-Manehcster- 
.Amsterdam service to Dusseldotf. 'Ibe 
bilateral agreement between Ireland 
and England did not open the routes 
to unrestricted competition. Through 
a formula of annual increases. BEi.A w ill 
be allowed to build eventually to a 
maximum of 50% of the traffic. 

Act Lingus has no domestic service, 
c-xcept to Shannon: the stages arc too 
short to compete with surface trans- 

Ilelicoptcr service has been con- 
sidered. Initially it might begin with 
an emergency rescue type public serv- 
ice using Westland AA’idgeons (Si- 
korsky S-31s built under license), not 
scheduled passenger transport. 

System Peculiarities 

Like most airlines. .Acr Lingus has a 
pcak-aiid-vallcv problem. But it believes 
its peaks and valleys arc more extreme 
than those of anv major airline because 
of these peciilarities of its system: 

• Ultra short hauls. Duration of an 
average Acr Lingus fiiglit is 1.4 to 1-85 
hr., depending on the aircraft used. Its 
average stage length is 175-290 mi. 

• Iloliday travel concentration. Be- 
c.iusc of the lack of industrialization of 
the Irish economy. ,Aer Lingus must de- 
pend gre-atly on vacationing Irish and 
British tourists, 'llius docs Aer Lingus 
not only have a busy summer and slack 
winter traffic pattern, but the summer 
traffic tends to concentrate in Jidy and 

•Acr Lingus traffic ratio is 4.5 at peak 
to 1 at slack. Last -August, for example, 
Aer Lingus flew 19 million revenue 
passenger miles, got 9.5 hr. dailv utili- 
zation from its A'iscoiint 800s. 7.2 hr. 
from its DC-3s. In Eehruaty its revenue 
[xissenger miles dropped to 4 niillion, 
its Viscount 800 utilization to 5.5 hr. 
and its DC-3 to 3.4 hr. 

nlie A'iscoiint figure even here is not 
triilv representative. Because of wing 
main spar modifications needed on its 
Viscount 700s, tlic SOO series airplanes 
fell heir to all the traffic both would 
liormallv have flown.) 

To combat this problem, -Aer Lingus 
has liad to make operational and 
scheduling adjustments. 

• Major overhaul- A'irtuaily all is sched- 
uled in the slack months. .Airframe over- 
hauls arc done at approximately 2,300 
hr. and aircraft scheduling is c.iretully 
monitored to bring these periods in the 
slack months. In summer, turn-around 
maintenance is ail done at night so that 
aircraft arc available for the holiday 
ttavclcr’s d;rvtimc flight preferences. 
Crew vacdtiim.s are taken off-season. 

• Scheduling flexibility. Principal sched- 
uling authority is placed with the re- 
search and schedules manager, who 
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has developed a svstem designed for 
adaptability, especially in summer, 

Ilis office keeps in close touch with 
the operations and engineering depart- 
ments with two objectives in mind: 
keeping its scheduling in line with the 
reasonable operational demands, yet tc- 
maining firtnthitr enough with the tech- 
nical side to reject nonessential de- 
mands to hold aircraft on the ground. 
Flight Scheduling 

Ten days in admiice. tlie tesearcli 
and schedules dqxirtmcnt lays down a 
schedtrle for the week, beginning Mon- 
(lav, and the other departments sit 
down in committee to discuss it, .After 
the necessary horse trading, tire flight 
'tliedrrie is issued. I' roni that point the 
responsibility for carrving out tire sched- 
ule is handed to the technical depart- 
ments, load control, engineering, etc. 
i liese can make itecessrrrv mirror adjttsl- 
monts on checking with the research 
and schedules personnel. 

-Aer C.ingns (randlc.s its summer peak 
utmand throrrgh extra section “shadow” 
fligh ts. 

’I’hesc flights arc not listed in the 
formal schcdrtles to the public, but the 
revetvatirms people ate told that aircraft 
are available. It seats on the formally 
schedrried flight arc tilled, the reserva- 
irrms agent mav tlicn begin to book the 
shadow flight, which need not tun 
ofhetwise. 

Aer Lingus present fleet, in a state 
of flux beeauKc of the Viscount spar 
modifications, breaks down this wav: 

• Font A'iscornit 707s. 

• I vvo A'iseount 743s. 1 licsc are from 
Capita! .Airlines’ deferred 1', and were 
k.ised from Vickers. 

• Two A'iseount 808s. 

• One A’iseount 808A. 'I'ltis is a Britislr 
r.rttopcan .Airways Vi.scounf in BEA 
contiguration obtained when .Aer Lin- 
gris needed an airplane einickly when 
the spar modifieation was ordered. 

• Ten DC-3s. 

Passenger Seating 

A'iseount 700 series aircraft arc a 53- 
siat thrcc-and-two corifigtrrafion; Vis- 
courrt SOOs liavc 60 .scats in the saute 
configuration. DC-3satea two-and-tvvo 
'2-veat configuratiorv. adaptable to a 50- 
50 cargo pitssengcr configruation- 

.Aer Lingus is phasing out its DC-3s. 
the bulk to he gone by 1960. It plans 
an ail-turbine fleet of: 

• A'iseount 800 scries. Iliis ijrobablv 
will drop to six 808 airplanes, llil- 
''1S-R40 A'iseount with mote power- 
ful Rolls-Rovcc Dart 7 or 11 does not 
interest .Aer Linguv. lire 808 with the 
Dart engine of the 700 series gives Aer 
Lingus a bigger airplane than the 700 
.series, which it needs, but without the 
added speed, which it doc.s not need 
on its short hauls, 

• Seven Fokket F.27 Friendshiiis. First 



First Production Caravelle Rolls Out 

First jiruducKon model of Sud .Aviatic.ii’s Caravelle jet airliner (foreground) recciitlv was 
rolled out at Sud 1'oriloiisc plant. 1'vvo |>rototvpe Cainvelles in background carry Sundi- 
naviau .Airlines System and .Mr France matkiirgs. Might tests of production model will be 


will be delivered in Oct., balance 
throiigli next year. TIicsc will replace 
DC-3s im passenger rims, but some 
DC- 3s may be kept for cargo flights. 

Mnaiicing fot the I'liendships was ob- 
brined privatelv and partlv from North- 
ern Ireland, where the Irish Republic 
has not always had the friendliest rcia- 
tioiis. The Irish .Assurance Compaiiv 
provided S2.8 million and the Bank of 
Ulster S4-2 million. 

AA'ith the return of the BE.A A'is- 
count. Acr Lingus will have two more 
Viscounts tills summer than it wants to 
operate nornially ; these will be needed 
this year for tire expected additional 
traffic to Lourdes during the religious 
centenary observance there, 

ITicndsliips ate in a 40-scat tvvo-and- 
ivvo configuration and use the Dart 6 
povvcrplant, but the Mk. 511 model. 
This is the same lia.sic engine as in the 
A'iseounts. but with a different retliic- 
tion gear because of the larger propeller 
permitted on the high-wing Friendship. 

-Acr Lingus has raised its Dart over- 
haul period from 1.050 hr. to 1,200 hr. 
and is trying out a pilot latch at 1.400. 
Structural overhaul is done at the Dub- 
lin .-Airport base, but the Darts arc sent 
back to Rolls bv sea. 

Cargo is a small part of .Acr Lingus 
business, with a total of 6,012 tons cat- 
[ied 1956-57. Irish exports, such as 
cattle, ate poor prospects for air trans- 
ports. On the other hand, some im- 
Ijorts, as appliances, arc clicapct to im- 
|)ort by art because of the much less 
elaborate crating required. 

No major engine overhaul is done by 
Aer Lingiis. Its Pratt & Whitney DC-3 
engines also are sent to England to Mar- 
shalls, a finn which spccuilizes in such 


work. Aer Lingus had plans and facili- 
ties to do its own engine work, but the 
govcninient canceled the mov e fot econ- 

Cnllins Integrated Flight System has 
been ordered lot the I-'ticndsliips. Aer 
Liiigu.s prefers U. S. -avionic equipment 
because of its reliability-. 

Load factors and passenger totals de- 
clined in the fiscal year that ended in 
Match, though not drastically. In- 
creased costs, capcdallv- fuel because of 
the Sue-z cti.sis, were mainly responsible 
for the operating deficit, llic traffic 
figures: 


Act Lingus estimates its operating 
costs for the 1957-58 fiscal year at 47.5 
cents jscr capacity ton mile. 

Acr Lingus since 1950 has intensified 
its effort to penetrate the mass market 
for air travel. In a survey- made of Brit- 
ish-originated traffic to Ireland, (and 
coded by- hostesses during the winter 
slack season), .-Aer Lingus found in 1931 
it carried 28.258 upper income and 
21,796 lower income group passengers. 
By 1956 the upper income figure rose 
to 38.079. but tlic lowxrt income total 
had increased even more, to 49.686. 

I- F. Dennpscy, Acr Lingus general 
manager, expressed his concern at the 
competitive pressure on international 
flights which in some instances has 
brought serving of a full meal on an 
hour-and-a-haif flight- Aer Lingus lias 
based its operation on economical serv- 
ice, offering fares below European 
standards, Dempsev savs- But he fears 
the price line is growing harder to bold. 
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SHORTLINES 


► Acilinte Eiteann (Irish Airlines) and 
Austrian Airlines liave been admitted 
as actir-e members in tlic International 
Air Transport Assn. Acrlintc operates 
scheduled scrs'icc between Dublin and 
New York Austrian Airlines operates 
from Vienna to the United Kingdom. 
There arc now 8d members in tbe inter- 
national airline organization. 

^Air Express International has opened 
a new office in San fuan, Puerto Rieo. 

► Air France reports that it carried 2.- 
505.000 passengers in 1957, an inaease 
of 7% over 1956. The airline also re- 
ports a 4% increase in mail carried, 
a 3% inaease in freight. North At- 
lantic routes showed a 22% increase 
over 1956 with an oser-all load factor of 
70%. Air France has begun nonstop 
service from New York to Mexico Cits' 
with four Lockheed 1649A Constella- 
tion flights each way every week. 

► British Overseas Airways Corp, will 
discontinue its service of four round- 
trips daily between Miami and Nassau 
on June 3. Explaining the decision, a 
BOAC official said that "generally 
speaking, it is unprofitable for a long 
haul airline such as BOAC to operate 
over short-haul routes. . . The 
Miami-Nassau decision will not affect 
New Yotk-N&ssau service. 

^ Continental Airlines is scheduled to 
begin Vickers Viscount 810 service 
o\'cr its Chicago-Kansas Cit\-Dcnvcr- 
Los .Angeles run on May 28. Tlie air- 
line will operate six daily schedules and 
will add a fourth schedule on -July 1 
with a stop at Colorado Springs. 

► North Central Airlines reports that 
it carried 60,628 passengers during 
April, a 28% increase over April. 1957. 
The airline says it operated 99% of its 
858,598 scheduled miles last month as 
compared with 92% last year. 

►Pan American M'orld Airways has 
begun tourist senice on routes between 
Miami. Haiti and Venezuela and be- 
tween New A’ork, the Dominican Re- 
public and Haiti. At the same time, it 
increased touri.st service on its New 
York-Caracas route bv six flights weekiv. 
two stopping at Curacao and San Juan 
with the remaining four nonstop. Six 
combination flights operate between 
New A’ork. Ciudad Trujillo and Port 
au Prince and six wccklv between 
Miami, Port au Prince and Caracas. 

► Iberia .Air Lines of Spain has placed 
an order for two Douglas DC-8 jet trans- 
ports. taken an option on a third. 


AIRLINE OBSERVER 

► Watch for American and Eastern Airlines to start a new trend in the 
commercial engine business by leasing rather than buying their powcrplants 
for gas turbine-powered transports. Both airlines are now discussing such 
arrangements with the Allison division of General Motors Corp. for the 
Model 501 turboprops powering the Lockheed Electra. American also has 
told both Pratt & AAlritncy Aircraft and General Electric it is interested in 
leasing rather than buying cither the J57 or J79 powerplants for its choice 
of a medium-range jet transport. General Motors began equipment leasing 
trend with its post-war Diesel locomotive sales to railroads under direction 
of Harold Dice who is now No. 2 man in the Allison division. 

► Chances that austerity programs will be introduced by a number of air- 
lines tills year in moves to combat mounting expenses are growing rapidly. 
Degree of severity of individual programs will be determined to a large 
extent by the volume of seasonal aitcoach traffic experienced this summer 
whicli should serve as a fair measure of how deeply the recession has hit 
tlio industry. One domestic trunkline already has tentatively scheduled a 
15% across-the-board personnel cutback as a bulvs'ark against furtlicr losses. 
Most observers sec no immediate reversal of the current decline in load 
factors. Tliey look to further fate increases to ease earnings picture and, so 
far, have no doubts that such increases will be absorbed without depressing 
traffic despite the recession, 

►Merger between Capital Airlines and Continental Ait Lines is again a 
strong possibility. Two years ago, the carriers were brought together on two 
occasions by Lehman Brothers for mc^er discussions but were unable to 
come to terms (AW Aug, 13, 1956, p. 45). Wall Street still hopes to seo 
a consolidation of the two carriers as one means of strengthening their 
financial positions. Meanwhile, look for an interchange agreement between 
the two airlines within the next 60 days. 

►Airline stocks continue to react differently to a market that is not bullish 
but is expanding on dividend announcements and optimistic forecasts bv 
some corporations in regard to business later this year. American, Braniff 
and Northwest have held close to 1958 highs, while Delta and Capital have 
experienced slight declines during the past hvo weeks. Eastern and National 
have remained relatively unclianged at levels below earlier highs. United 
Iras shown new strength. 

► Wall Street is not entirely prssimistic over the future of airline stocks 
despite a first-quarter decline in earnings and a leveling-off of passenger 
traffic gains (AW April 28, p, 38). One study, the Value Line Investment 
Survey, cautions investors against rapid fluctuation of airline stocks and the 
forthcoming equipment financing problems but predicts major airlines will 
perform above the average during the next year. Such stocks are given lop 
rank relative to other stocks in the survey for price increase potential during 
tlie next three to five years. Survey also forecasts that dividends will become 
more secure later this year as the result of the recent fare increase. 

►.Aircraft manufacturers will increase efforts to assist airline purchasers of 
futbinc aircraft in disposing of piston-engine equipment as an assurance 
against any cutback on orders for turboprop and turbojet transports. Possi- 
bility that iiianufaclurcts may tiike in t)ic older equipment as trade-ins on 
the new equipment is also strong. General Dvnamies has promised to aid 
Capital Airlines in finding a market tor its piston-engine aircraft as part of 
a sales agreement covering five Convair 880 jet transports. Boeing has 
agreed to accept British Overseas .Airways Stratoauisers as trade-ins on 15 
707s but hopes to avoid any similar deals in the future. Northwest wants 
Locklieed to take its Boeing 377s in on trade for 10 Elcctras and Douglas to 
absorb the airline’s DC-7s as part payment on five DC-8s. No one doubts 
that the used-plane market will soon be glutted. 

► Russia lias completed factory tests on the first production model of the 
Antonov An-iO Uktaina four-tiirboprop transport. Soviet reports sav recent 
long-dist.iuee flights have proved the Ukraina’s ability to flv 1,863 iiii. while 
maintaining a one-hour fuel reserve. 
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LONDON -NEW YORK 


in less than 9a hours 


Another record for the Britannia 


On Tuesday, 11th March, an EL AL Britannia fle'v from 
London to New York in 9 hours 22 minutes — fastest ever 
for a commercial aircraft. 

EL AL aitd BOAC Britannias have broken the trans- 
atlantic commercial speed record eight times in three 
months of operation. 

Aeronaves de Mexico have al.so made many record 
flights on their Mexico City/New York route. 

WORI.O-WIOE SERVICE, WORLD-WIDE ORDERS 

Brit,innia 102's are now in their second year of service 
willi BOAC. and flying well over a million miles a month 
on the world’s longest and most exacting aehcdiiled air 

Britannia 300’s and Slfl'.s are in service 


Israel Airlines, B0.4C and Aeronaves de Mexico. They have 
also been ordered by Canadian Paciflo, Cubana de Aviaeion. 
Hunting-Clan Air Transport and Northeast Airlines. 
Britatmia 230’s are on order for the British Eoyal Air Force 
and the Ministry of Supply. 


BRISTOL 

> 

Britannia 




Tlio Bristol Proteus jot-prop cnsilios of tho Britsnnio am the moat 
powerful, moat advanced of their kind in airline operation. Tho 
Proteus 70S ia approved to sucli an extent tliat iu life between over- 


hauls has been extended to J.m tours, and this was achieved in 
only 13 months of airline service — a more rapid advaitce than that 


^7 


with EL AL 


SPACE TECHNOLOGY 


Magnetohydrodynamics: Hope for Space 


By J. S. Butz, Jr. 

Washington— Prospect of an immi- 

inote and more U-S- finiis to the re!a- 
tivelv new and unexplored scientific 
field of inagnctohydiouynamics 

The new science forms the backbone 
of two devices of major importance, the 
controlled thermonuclear reactor and 
the very high specific impulse engines 
essential for effective space vehicles. 

Economic rewards arc the large re- 
search and development contracts lead- 
ing to these reactors and engines which 
jircsumably will be given the companies 
tliat demonsttate a superior facility 
vvitli magnctohydtodynainics. 

Competition will be broad because 
the equipment necessary for basic 
studies in the new science is inexpen- 
sive bv present standards. An adequate 
facility costs less than a low speed wind- 
tunnel with an eiglit-by-eig!it foot test 
section. So a coinpany’s possibility of 
success in this field rests nrore witli 
su|)eritir personnel than with its abilitv 
to fitiance or acquire large research 

.A clear cxanrplc of how small capital 
and the proper talent can achieve 


prominence was demonstrated several 
veats ago when the Naval Research 
Laboratorv created one of the pioneer 
groups in the field. 

In four years NRL has spent less than 
SI million on its prognint which Iras 
produced some important firsts in ex- 
|)crimental techniques. This figure in- 
cludes salaries, equipment puicliases, 
power bills and all otner expenses. 

Another case in point is the Avco 
Researcli Laboratory's expenditure of 
about S50.000 during its first year of 
working with magnetohydrodynamics. 
.After approximately four years its cx- 
pcirditurc in this area is still less than 
half a million dollars per year. Aveo’s 
investment under the technical direc- 
tion of Arthur Kantrovvitz is generally 
considered to have resulted in one of 
the leading efforts in the field. 

Other companies already active in 
the field include Lockheed Aircraft, 
Ranio-Wooldtidge. General Electric, 
Republic Aviation and General Atomics. 
Definition 

Miiyiictoliydrodynamics is defined as 
tjic study of the interaction between 
magnetic fields and electrically con- 
ducting fluids and gases. Tlic length 


and composition of the term may in- 
dicate that the U.S. is tending toward 
Ihe German practice of describing new 
sciences, processes and phenomena 
bv combining several existing words. 
Svnonvtns for magnetohvdroavnamics 
which do not appear to have been as 
well received by scientists are hydro- 
magnetics and magnetoaerodynamics. 
MHD is often used as an abbreviation 
and will be used extensively here. 

Regardless of the nomenclatuic, the 
possibilities and ‘ideas which the rudi- 
mentary data available today are gener- 
ating will be of major importance to 
several sciences. 

Possibilities 

Along with the prospect of having a 
virtually incxhaustablc power supply 
from the sea through controlled thcniio- 
nuclear reaction and the possibility of 
cfBcicnt high specific impulse engines 
that would provide maneuverability 
and a great safety factor in space, some 
other problems that magnetohydro- 
dynamics has a direct influence on arc; 

• Tlieorics concerning tire origin and 
functioning of our solar sv'stcm and the 

• Postulations on tlie origins of weather 
disturbances and cosmic ray ptoduc- 

• Communication with missiles and 
space vehicles traveling at great speed 
and enveloped by layers of ionized gas. 

• Methods of disarming oi destroying 
nuclear weapons in flight by radiation. 

Needless to say, few disagree with a 
maximum effort being directed toward 
the solution of some of these practical 
problems. However, several persons have 
warned against a complete departure 
from one of the basic tenets of basic 
research— that of scatcliing with no end 
in mind and seeking knowledge only 
for the sake of knowledge. 

Edvv-.ird Teller reminded the second 
annual Lockheed Svmposium on Mag- 
netohydrodynamics in Deceinber of tlic 
alchemist who studied chemistry only 
to create gold. Although he said he 
could hardly discourage the enthusiasm 
of people seeking specifically to cantiol 
fusion, he felt that greater things than 
could be imagined now will come 
about through men studying MIID 
randomly "for amusement" only. 

Laboratorv apparatus that can give 
quantitative data on the intetactmn 
between ionized gases and magnetic 
fields is of fairly rcaratkOrigin and is 
the heart of today’s research effort. 

First MHD work was with fluids 



PINCH EFPECT, basis for many devices ptO|>oscd for controlled IhcrnionuclKii reaclois, 
is shown in the top sketch, large current is discharged into a gas filled container ionizing 
the gas so it becomes a conductor with a magnetic field aioiiud it. This field squeezes the 
gas and raises its temperature to millions of degrees K. Pinch is inlicientlv unstable trying to 
bend out and touch the container wall. I'his cools the gas. Smtoiinding Hie coiitaioer with 
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and resulted in liquid metal pumps 
with no moving parts. 

First experiments with gases were 
apparently performed by the English 
in the late 1940s when they produced 
a pinched electrical discharge in a 
gas. Theoretical indications tliat this 
phenomena could be the basis for a 
controlled thermonuclear reaction had 
been made some years earlier in the 
U.S. bv Enrico Fermi. Edward Teller 
and others at Los Alamos. 

However, the Atomic Energy Com- 
mission did not authorize formal 
projects in this area until 1951. 

Use of the shock tube for high tem- 
perature gas research was independ- 
ently pioneered by groups under Ar- 
thur Kantrovvitz at Cornel! University 
and Otto Lapporte at the University 
of Michigan. Botli groups studied the 
nature of gases at high temperatures, 
especiallv the radiation phenomena. 
Kantrovvitz also investigated the ef- 
fects of magnetic fields on tlie ionized 
gas pockets behind the shock. 

Advanced Research 

Since then, similar and more ad- 
vanced work with shock tubes have 
been conducted by groups such as .Avco. 
Brown Universitv", Aberdeen Proving 
Ground, California Institute of Tcch- 
nologv, Cornell Aeronautical Labora- 
torv, Los Alamos. Maryland University, 
National Advisorv Committee for -Aero- 
n.iutics and Princeton University, to 
name only a few . Generally, the maxi- 
mum speed attainable with high pres- 
sure gas driven shock tubes is around 
Mach 20 with a temperature in the 
neighborhood of 15,000 deg. K. 

Substitution of an electromagnetic 
driving force in place of the high pres- 
sure gas bv Alan Kolb of the NRL in 
1955 made Mach numbers of 200 and 
temperatures of about 1.000,000 deg. K. 
possible and greatly extended controlled 
conditions for the quantitative study of 
high temperature gases. 

Tlic pinched discharge was evi- 
dently tne first methorT to be ex- 
haustively worked with in trying to 
reach higher teinperaturcs, and the 
Russians were the first to reveal a large 
portion of their work in the area. In 
a speech at Harwell in April, 1956, 
Igor Kurchatov talked in considerable 
detail about Soviet work with the 
pinch but no report was made on the 
actual extent or Russian progress. 

Indications at tlic time were that 
the U-S. and England were ahead of 
what Kurchatov disclosed- In January 
of this veat, the AEC and the Eng- 
lish jointly relca.sed more advanced 
information conceniing their efforts to 
control the pinch and aeate useable 
lempctaturcs in deuterium and tritium 

' Briefly, the pinch effect results from 


FIEkD 


FIELD COILS 





bpscs. In the Navy device (sketch B) gas in the tube is ionized by passing a current 
through the cross head of file T; it is then driven up the side arm by the magnetic field of 
the coil underneath. This apiwratus and Avco’s can accelerate a gas to temperatures of 
about 1,000,000 deg. K. Present NRL experiments incoriiotatc coils on Hie side ami 
which produce a squeezing field in the direction of the gas flow. Much higher temperatures 
arc then possible. A logical extension of this work allowing still highei teinpcratmcs is 
shown in the bottom sketch where two squeezed shock waves would be fired at each other. 
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(Iiscliarging a vcrv large current into 
gas (Miitaincd in a tube. The current 
is large enough to ioni/e the gas so 
that it becomes a conductor. A mag- 
netic field is created around the gas 
witli the conduction of the current, 
and the magnetic pressure of this 
field squeezes the gas and raises its 
temperature. 

liic gases of interest in this process 
ate deuterium, a hcan’ isotope of hy- 
drogen, and tritium, the radioactive 
isotope of hydrogen, because of their 
relatively low fusion temperatures. 
When ionized, tlic gas Iwcomes a 
plasma of eicctricallv charged nuclei 
or ions and elections, 'llie temperature 
of this plasma must then be raised to 
mound ^50 million deg. for a sustained, 
economic thermonuclear reaction in 
deuterium. 

The temperature, which is another 
way of expressing the kinetic energy 
of flic ions, is inctc-ascd through col- 
lisions with the electrons that ate 
mo\ing many times more rapidly. En- 
ergy is released when the ions arc mov- 
ing fast ciiougli to o'ctcQinc their re- 
pulsive forces and fuse. 

'lire problem with tlie pinched 
plasma is tliat it is inlrcrcntly unstable 
in several ways. .Ml of these instabil- 
ities tend to make tlio plasma bend so 
tliat it touches the wall of tlie con- 
tainer and cools off, destroying the 
pinch. Stable pinches have been 
acliieved by surrounding container with 
field coils which provide a magnetic 
field alongside tire sides of pinched 
plasma and tend to keep it from kink- 
ing. Passing ciutcnt tliimigh the con- 
tainer walls is also done. 

Hie power required to rcacli a given 
teinpctatutc iiicrc-ases c|uickly, however, 
because the magnetic field producing 
tiie pinch must not only squeeze the 
plasma but tlie stabilizing field also. 
Doughnut-Shaped 

llic straight geometry pinch illus- 
trated on page 4S has not liceii found 
to be as efficient as ones produced with- 
out electrodes as in doughnut-shaped 
tubes where the pinch current is in 




duced. Instabilities around electrodes 
cause trouble in the straight tube. 

Other possible metliorJs of controll- 
ing tlie fusion reaction whicli have iiccn 
under study by the AEC include: 

• Sfellatators, developed at Princeton 
by Dr. Lyman Spitzer. Jr., and his group 
whicli uws a stabilizing field that has 
an oscillating or pumping action. 

• “Mirror" system developed by Or. R. 
F. Post of tlie University of California 
Radiation Laboratory which has stronger 
fields at tlie end of the pinch discharge 
reflecting a portion of the ions back 
into tlic main stream raising its tem- 
perature, 

• "Confimious ignition” system sug- 
gested by E. D. Sliiplcy, L. P. Smith, 
A. E. Ruark, Herbert York and others 
which iniolves creating a very low 
density plasma witli good confinement 
|)ropcrties -iiid slowly injecting cooler 
ions to form a useable plasma. 

Tlierc is another method involving 
the use of electromagnctically acceler- 
ated shock wave to preheat and then 
compress deuterium gas. 'Ihis is tiic 
mctliod used bv Kolb, and it essentiailv 
involves pushing an ionized gas witfi 
a magnetic field perpendicular to the 
current in the gas. 

The is accelerated up a side arm 
of the plasma tube that is in the siiapc 
of a T. In present NRL experiments 
tlic gas is further accelerated and heated 
by ringing the side ann with coils which 


First of Series 

11iis is the first arKcle in an Avi: 
\\'ecl! series on the new science of nia|- 
netolndrodynamics which is exerting a 
widening influence in many fields includ- 
ing astrophysics, defense against high 
speed nuclear w eapons, meteorology and 

It is an integral part of the cffoi 
produce a controlled thcrmouuclca 
action, whicli would provide siitnolly 
liiiiilless power from the sea and elin ' 
note the probleiii of atomic waste d 


ptodiicc a field parallel to the flow. 
lliis field acts like a nozzle, increasing 
the velocity of tlic gas and keeping it 
awav from container walls that have a 
cooling and contaminating effect. 

Tempeiaturcs many times higher 
than the one million deg. or so possible 
with flic simple Kolb tube arc thcorct- 
icallv attainable with the coils on the 
side ann. logical extension of this 

io that tlicy resemble a diiinb- 
;11, and their shockwaves may be fired 
at each otiicr, increasing the compres- 

A number of experiments are using 
or acquiring equipment of this tvpc. 
The NRL has what is believed to be 
the capeitor bank with the largest 
available current- This new equipment 
has a power output of 100 billion watts 
and a sliort circuit current eapeity of 
1 5 million amps, with a rise time of 
1 microseconds. 

It is eiitirclv possible that some com- 
bination of the pinch and shock wave 
methods of heating the plasma would 
be used in a workable reactor, lire 
work accomplished to date is rudimen- 
tary, and much larger equipment is 
believed to be necessary for an econom- 
ical system although the smaller labo- 
ratory appratus is sufficient to prove 
out theories. 

AEC Changes Stand 

Probably the best gage of the rapid 
progress that is being made is the chang- 
ing tone of AEC announcements. A 
lear ago Adni, Lewis Strauss, -AEC 
Chainnan, reviewed progress toward the 
controlled thermonuclear reaction and 
declared that it was a hope of the some- 
what distant future. Last January, in 
the joint announcement with Great 
Britain concerning the stabilization of 
pinched plasma, Adiii. Strauss said tliat 
"it appears that years of intensive work 
w ill probably be required to develop a 
laboratory thermonuclear device wliich 
wi!l yielti more energy than it con- 

I.ess than two weeks ago, Dr. Arthur 
E. Ruark, chief of controlled thermomi- 
clear research for the AEC, issued a 
statement containing tlic following 
statement: “'Ilic ignition temperature 
is the degree of 'heat’ at whicli the 
nuclear reactions in the liot gas give 
out as much power as tlic gas emits in 
the fonn of radiation, 'ilicrc is a gen- 
eral belief in the .American laboratories 
that the ignition temperature will be 
achieved within a few years." Dr. Ruark 
went on to point out tliat tiiis did not 
mean tiiat tlic reactor would also pro- 
duce enough power to operate the nec- 
essary auxiliary equipment and warrant 
its being called a net power producer. 
It docs. Iiovvcver, show the great change 
in official AEC announcements over 
tile last year. 
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Two Approaches Used in First Production 


By Michael YafFec 

Design of Hic fitst biillisdc missile 
a-enttv schiclcs has been frozen, and 
the re-entry liodics for Jii[htcr, 'llior. 
Atlas and ’fitan hare been ordered into 
production in tlicir present coiifigura- 

As the quickest, practical way to op- 
erational nose cones, the Air Force Bal- 
listic Missile Division has chosen the 

thcnnal absorption approach to the re- 
entry problem. Fitst tc-entrv bodies for 
Thor, .\tlas .ind Titan will be bhint, 
heat sink structures fabricated of copper 
or copper-base niatcrials- .Additional 
cone cniiractcristics are expected to be: 


• intcfral confignnition— timijilctc re- 
entry M'hicic rsill consist of two sepa- 
liitc sections: the forward, flattened 
hemisphere followed by a somewhat 
narrower and mote elongated afterbody 
for acrodsnainic stability. Once joined, 
the sections stay together. 

• Highly polished surface-to reflect 
radiated heat. 

• Exhaust nozzles— small jets exhaust- 
ing compressed air or some otlier gas 
ssill be used for attitude control. 

Inside the nose cone will be the war- 
head, arming and fuzing mechanism, 
and control equipment, all swathed in 
some amorphous silicone type of insula- 
tion for protection ag.iinst the heat that 


manages to get through the cone. 

Army Ballistic Missile .Agency, on 
the other hand, has decided on thermal 
lemoval, a more sophisticated hut more 
difficult a|3proacli. Jupiter re-entry 
vehicle vvitl be a longer, more strc;iin- 
Uned, conical structure slightly rounded 
at the tip and made of reinforced plas- 
tic. Other features it protxiblv will pos- 
sess are the following: 

• Sectional configuration— nose cone 
wdl consist of two sections which will 
separate once the cone attains its pre- 
scribed speed. 

■ Exhaust nozzle— single, solid pro- 
pellant vernier engine in the hise of 
the nose cone willtic used to make fine 
velocity adjustments. 

Inside the nose cone front section 
will Isc the vvarhe-ad and arming and 
saline mechanism. In the back section 
will he the vernier engine, ih solid pro- 
pellant supply, and the guidance or 
control equipment. 

Navy Looks Around 

\\ ith more time at its disposal. Navy 
is looking at a mimher of possible solu- 
tions to the rc-enttv problem. But bar- 
ring some unforeseen, major scientific 
discovetv. the Polaris probably will liave 
an ablating re-entry body, made of 
some ceramic material. 

Manufacture of the .Air l'‘orcc nose 
cones docs not depend on any major 
technolc^iejl development. Producers 
will use comincrcially available mate- 
rials and a combination of standard fab- 
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Nose Cones 


ricating techniques. Some equipment, 
such as polishers, is being made spe- 
cially for the program beauise of the 
size of the coiiti. not hee.uisc of any 
exceptionally high degree of luster re- 
quired. .ActUiilly. cone fabrication is ex- 
(lected to lend itself quickly and easily 
to mass production techniques. 
Ablation -Type Fabrication 

Less is known about the new bigh- 
temperature polymer systems and sim- 
ilar materials than about copper and 
copper alloys. Coiisequcntiv, fabrica- 
tion of the first ablation tvpc nose 
cones is proving a coniparativelv diffi- 
cult but not impassible opemtion. 
Gnodycar, in f.ict, claims it now luis 
ail the bugs out of the manufacturing 
set-up for Iht Jupiter re<ntrv vehicle. 

Dcii'inii lo frcc/e design .ind get re- 
entry bodies into production was not 
meant to stop development of a more 
sophisticated solutions to the rc-entrs’ 

Some already are in an ads-anced 
state of devclo|)inent; others arc in the 
research phase. .All aim at permitting 

sclocity in order to minimize vsind 
drift errors and possibilities of detcclion 
and interception. 

One of file most interesting possi- 
bilities involves the use of maancto- 
hydrodynainics. Both Avco Mfg. Corp. 
and Republic .Aircraft Corp. arc work- 
ing on tins a|)proacli. 

Still in the early research phase, the 


idea, liricfly, is the following: 

-An electrical or bar magnet would 
be placed on tbe outside of the nose, 
or the nose cone itself might be made 
of a magnetic material. Batteries would 
Ik carried inside tbe cone 
Ionized Fluid 

•As tbe laver of gases ionized bv the 
high temperatures flows over the nose 
cone and across the magnetic field, a 
current is induced in the ionized fluid. 
This current then becomes the source 
of a new magnetic field wbieli adds 


vcctorally to tlie original field. 

Appli^ normallv to the surface, the 
magnetic field interacts with the fluid 
velocity component iwrallei to the sur- 
face and tends to slow the fluid flow, 
because work lias to be done to move 
lilt fluid across tlic magnetic field. In 
other words, the magnetic field exerts 
vvliat is akin to a viscous drag on the 
conducting fluid. 

This has two effects: It slows the 
apparent vcloeitv of the no.se cone and 
fliercbv reduces the laminar heat trans- 
fer to the warhead. Second, it reduces 
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EVEN AT VARYING ALTITUDE PRESSURES 
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prevents moisture breathing at altitude. Tin plated copper rings 
are crimped over wire insulation to seal out vapors and fluids. 
Made for over 100 different insolation diameters in military 
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• corrosion resistance • tensile strength 

a vibration resistance • dielectric strength 

• flame resistance • immersion tests 


Send for samples and literature from: 
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Re-entry Problem 

;i rC'Cntrv witicic is 5C|i!ir4tcd fr<>m :i ballistic mi^sili; iit e\treiiic 
it continues to toilnw a bolbstic trjjcctotc tli^it nill bring it into the atinosplicie 
and onto ibi Migct at livpnsonic \clnciKcs. nmging Irnin ohont IS.IJOII to :iboiit 
25.000 

On its ST'S) in. the vciiiclc r^pidls uiid ndiiiboticjlU compresses tlie nir in front of 
it. building up great pressures and iieaf aliead of the cone. .\nd as the ait |xisses 
os*er the surface of the high speed vehicle, diijd friciioii comes into plav, settiisg u|i 
shearing stresses in the boundarv laser and creating udditiou.il heat. Comparativels 
insignificant amounts of lieat arc also produced bv the recombination of ioniaed air 
about the rc^entTV vehicle and bv the oxidation nr combustion of the nose cone 
material. 

1‘he drag exerted on the body is of tsso tvpes: 

• \5'avc drag vshieh results from the jitessssre built uj) in Front of the cone. Tliis 
ads pci|Kndicnlat to the body with a net force compnneut that acts in a dircetinn 
opprssite to that of the re-entrs' vehicle and. thus, tends to slow it doss'ii. 

• Skin friction drag which results from the viscositv of the air in the boundarv 
hver. Air moving over the boundary layer sets up a shearing stress u'ithin the laser 
that exerts a net force acting along the surface in a direction np|iosite to the motion 
of tile re.entrv vehicle. 

'I'otaJ amount of heat generated bv the vehicle is proportional to ^c total drag, 
llie amount of this heat actually transferred to the vehicle is proportional to the 
friction force. 1Tms. heat transfer can be reduced bv decreasing tlic ratio of friction 
force to total drag; i.e. bv decreasing skin frictiois drag and increasing wave drag. 
I'o a degree, this can be accomplished bv using blunt (high drag} sha|ies. 

filxccpt for the energy' which is dissipated in wave drag, the high kinetic energv 
of the re-entry vehicle is translated into heat which is trapped betw'ccn the sliock 
wave and the nose cone. According to one estimate, each pound of air possesses 
H.OOO Btn, of heat energy, lliis is the amount of heat that must be coped witli, 
Part of this heat finds its wav to the atmosphere bv vneems dissipation and radiatinn. 
'nic rest is carried to tlic re-entry vehicle mostly by cnndiictioii .md convection and 
same by radiation. 

.Although re-entry times are brief— w'ell under one mimitc— it is estimated that in 
this period temperatures in shock waves run to 15.000F; in the bonndarv' Liver, 
to 12.000F: and on the surface of the cone. 5.DOOF and up. The rate of heating 
mav go os high as 450 kw. (about 427 Btu./see.) per square font. Pressure bnilduio 
is also severe. Plunging into ever denser atmospliere, the reamtrv vehicle encounterv 
the equivalent of pressures ruuning from about 1 to over 1.000 psi, in a matter of 
seconds. 11ie rapid deceleration of a missile cone, which has been equated to a car 
hitting a solid brick wall at 60 mph.. imposes severe loading on the vehicle. In 
addition, tliere is a s^niheant amount of damage during re-entry caused hv vibration 
(buffeting) and noise, 

(For comparison; a high (rcrformunce jet airplane seldom encounters skin tempera- 
tures niore than 650F or pressures greater than 1 psi.). 

.Among the effects of this combination of extreme heat, pressure, vibration and 

o Biickiing and other outcroppings of stnictiiral instahility, 

• Complete structural breakdown. 

• Melting. 

• H^h thermal stresses. 

In effect then, this means that the re-entiv vehicle, at a time when it is serioiislv 
w'eakened by aerodvriainie heating, must be strong enough to withshind severely 
increased loading and remain intact. At the same time, it should also meet the 
following requirements: 

o It must keep most of the heat from reaching its pavloud. 

• It should not become deformed by heat or erosion to a degree where it becomes 
aerodvnamically unstable and unable to follow its trajeetorv to its Parget. 

o It should have high re.cntn velocity' so as to minimiae possibilities of detection, 
intercqstion, and wind drift errors. 


the tciieltiicy to invt;ibility in Ixjuuclaty 
laser flow; i.e,. the boundary las'cr re- 
mains iuinin.ir for a longer time before 
lieeoiiiini liirbnleiit, wherein the heat 
transfer rate is mueh greater. 

Most engineers imohtd in this work 
beliese that the applic:ition of niagneto- 
livdrody namies to re-entry sebides is at 
least fis'c years from operational eapa- 
bilitv. Republic's loscpli Nciiringer 
feels it could be much .sooner, perluipy 
two years, if the necessary funcu svere 
asailable. 

Use of fluids to cool a nose cone dur- 
ing its brief re-entry period is another 
promising possibility. 'ITie critical fac- 
lors here are (1) yyhether the fluid 
could be moved f;ist enough to do the 
job, and (2) whether the amount of 
fluid and associated pumping ecjinp- 
ment that yyould Iiayc to be carried in 
the nose cone yyould yycigh njore than 
ihe material required for some other 
means of thermal protection. 

■Among the different types of cool- 
ing possible arc: 

• Sw'eat ot transpiration cooling where 
the fluid is forced out tlic pores of 
the cone. This technique would be 
used u'liete the surface heat transfer 
rate is high. 

• R^enerativc cooling yylierc a liquid 
coolant might He circulated yvithin the 
shell or yvithin a jacket or pipes right 
Ijcni-ath the cone surface and then, 
jxrh^s, exhausted through a steam 
jcl. This would be used yvhcrc the sur- 
face heat transfer rate is compiiratively 

Heat Transfer Rate 

In both cases, the time rate of heat 
transfer is important because it yvill 
detennine the required pumping rate. 

A great deal has been learned about 
regenerative cooling from its applica- 
tion to rocket motors. Overall, hoyvevcr, 
the techniques of fluid cooling as ap- 
plied to nose cone protection arc not 
yvell knoyvn. .And this approach is con- 
sidered soineyvlictc between ablation 
and masncto-hydrodynamics in both its 
state of development and promise. 

For the immediate future, ablatiou 
appears to be the most promising ansyver 
to the re-entry problem. Army yy ill use 
it on its first generation ballistic mis- 
sile, the Jupiter, and rhe .Air I'otce yvill 
almost cerfainly go to ablation cones 
for its second generation missiles. Air 
force cone contractors. General Elec- 
tric Co. and .Avco. in fact, already hay e 
faidy' yvell decided on materials tliev 
yvill use, 

AA'ith an eye to the continuing de- 
yelopment of anti-missile missiles, 
many yvcipons designers are convinced 
that the lob trajectories and compara- 
tively long tinie-tu-targct nf the be, it 
sink type nf re-entry vehicles yvill make 
the ychicles easy prey for even a rather 
primitive anti-missile system. 


One yvay to allcyiate this problem is 
to flatten out the trajectory-; that is. 
launch the missile closer to the hori- 
'/.ontal. In addition to lessening the 
no.ssibility of early detection bv stineil- 
lance radar, this yyould signiflcantlv cut 
fliglit time from launch to impact. An- 


other yyay is simply to streamline the 
nose cone. Streamlining reduces drag, 
enables the vehicle to retain more of 
its initial velocity- and thereby- decreases 
re-entry- time. 

Both these appraichcs arc relatively 
simple and, therefore, attraetiyc yvavs nf 
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HO'W TO SEE! ZIST 



-A-3L.3L. IDIR-ECTIONS A.T 03STCE 


Tliey add. n.ew dinaerision to defense 


Three dimensional radar ... it Is a posirioning of radar 
beams in space by electronic rather than meclianical means. 
It provides tlircc-dimensional taigct dau from a single 
antenna, transmitter, and receiving channel. It is a radical 
new weapon for national defense. 

Engineers at the Hughes Ground Syscoms Division in 
Fullerton are responsible for pioneering this advancement 
(sec ajiienna at left), but even more importantly, these 
same engineers are working on an elaborate radar warnurg 
system which will not only provide this complete radar 
data, but also translate it into meaningful iiifomiation and 
relay it to central comnuinic.irions centers. 

Other Hughes activities offer similar cngincermg chal- 
lenge. The Research .and Development Laboratories in 
Culver City, for example, are probing into the eficcts of 
nuclear radiation on electronics equipment, studying ad- 
vanced microwave theory and applications, examining 
conununicacions on a global scale, and developing new 
methods for imnring product reliability. 

The Hughes Products cngiiiceruig team makes electronics 
useful in solving industrial problems. For cxatnplc, this 
group lus just unveiled an industrial electronics system 
which will automate .a complete and integrated line of 
machine tools. 

The diversity of Hughes activity offere prospective em- 
ployees opportunity to build a rewarding career in a highly 
progressive and expanding environment. 


Communications Microwaves 

Reliability Crystal Filters 

Circuit Design Computer Engineering 

Systems Analysis Fiela Engineering 

Vacuum Tubes Semiconductors 

IVrill, inifli’ aiillimijg yanr exprrieiur, K Mr. Phil N. SclifM, 
Hughes CmnsI Ogkes, Bidg. stA-s, Odver City, Califanua. 



Advanced reseircli on the Maser (Microwave AiuplUication by Sim- 
ulated Emission of Radiation) performed by the R&D Laboratories 
is directed towards applications of a portable, airborne Maser for 



HUGHES 


Culver City, El Segmido, 

Fullerton tutdLcs Angeles, Calijomla 
Tuuon, Arixona 
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Flying Glass 


Perkin-Elmer designs and produces precision optics 
for the aircraft and missiles of the Space Age 


Higher . . . farther . . . faster — every 
advance in flightcraft brings a demand 
for improved optics for reconnais- 
sance, aerial photography, infrared 
detection, bombing systems, instru- 
mentation. Perkin-Eimer is meeting 
this demand with high perfoi-manee 
optical elements produced in quantity 
at P-E's advanced production facil- 
ities in Norwalk, Conn. 

Experienced in optical design and 
in combining optics with electronic 
and mechanical systems, Perkin-Elmer 
is producing derotation prisma for the 
MA-2 bombing system which it de- 


signed and which is now used in the 
B-52, These prisms resolve 4 seconds 
of arc, and Perkin-Eimer ha.s been 
able to mass produce them on a steady 
production schedule. Aspherics, too, 
are being made in quantity as a result 
of exclusive production techniques 
developed by Perkin-Elmer in the past 
several years. 

If your project requires optical 
elements made in quantity to close 
specitications, benefit from these spe- 
cial P-E skills and facilities. For 
information, write us at 770 Main 
Avenue, Norwalk. 



ENGINEERING AND OPTICAL DIVISION 

Perkiii'Elmer 



increasing ^elocities of tc-entrv \chicks. 
But increased velocities mean increased 
aerodvnamic heating. Although it is 
[Kjssiblt to absorb more lieat by adding 
to the thickness of a heat sink cone, the 
additional weight soon becomes pro- 
hibitive in terms of a practical takeoff 
weight, 

1 hus, a new approach was needed 
and ablation appeared to be the best 
theoretical and practical solution. An 
ablation nose cone could take cate of 
tlic additional heat and more important, 
it could be brought to the operational 
stage w ithin a comparatively short time. 
Heat-Absorbent 

Principle of ablation is simply that a 
material will absorb heat as it changes 
from one physical state into another. In 
its broad meaning it would include fluid 
cooling and combustion. Mote S|>c- 
cifically, liowcvcr, it means a material 
that will melt, vaporize or sublime upon 
absorbing heat, and tins is the sense in 
which it is being developed for nose 

The problem, as fat as nose cone de- 
velopment was concctncd. was to find 
a material that could be easily fabri- 
cated and tliat would ablate nctody- 
namirally or cvcnlv. 

Unlike heat sink material, ablation 
material should have low thermal dif- 
fusivities (high temperature gradicntsl 
so that the surface builds up to the 
melting point while the material inulct- 
neutli stays comparatively cool and re- 
tains its structural integritv. 

In its search for a suitable ablation 
material for the /ujiitet nose cone, 
the .\rmy Ballistic Missile Agonev. 
working on a crash basis at the time, 
didn't have time for any theoretical 
studies and so started out testing mate- 
rials. making use of some data derived 
from earlier programs, such as the Rcd- 

ABMA carried out some materials in- 


vestigation in its own laboratories 
Iwhcrc it also made tlic first prototv pc 
cones) and contracted for the rest with 
outside groups. Among these outside 
agencies was Battellc iNfcmorial Insti- 
tute which did considerable work on 
ceramics. It was the crystalline ceramics 
that appeared to be the most inijnedi- 
Jtely promising of the possible abla- 
tion type materials. 

Ceniniics either can be spraved on a 
substructure material such as graphite 


or steel or fabricated into a structural 
unit. Tor nose cone application where 
the surface is to Ire fused away, a mon- 
olithic structure secintd to be prefer- 
able to a sprayed coating. The coating, 
it was felt, would not have c-nouji 
thickness. 

In their favor, ceramics have a defi- 
nite weight advantage over most metals, 
especially copper. 'Jhey generally have 
poor thermal conductivity, which is 
considered an asset in aWation. 

,\t the same time, however, ceramics 
are brittle and .1 cctamic nose cone 
migiit actually break if dropped. Simi- 
larb. tliev are much more sensitive to 
tiicniial sfiock tiian metals. In the case 
of re-entry, a cctamic nose cone would 
have to pass tlirougli the atmosphere at 
verv- high speeds to prevent spalling. 
Hie idea, according to the materials 
[jeople, is to have flic surface melt awav 
liefore it brcak.s off a.s a result of thermal 
shock. Even then, there is no assur- 
ance that tlic cone would ablate aero- 
dvnamie.illy. 

it is much more difficult to m.ikc a 
large ceramic stnichirc than a compa- 
nilile metal or plastic one. Chances are 
tliat a large ceramic nose cone will al- 
ways have to be made in parts and then 
.assembled into a complete unit, llicre 
also is the problem of non-uniform com- 
position within different areas of the 
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BURROUGHS ELECTRONIC COMPUTER "MASTERMINDS" 
THE ATLAS INTERCONTINENTAL BALLISTIC MISSILE 

Steering the 250-mile-per-minute Atlas into the precise trajectory 
required for the missile to accurately strike its target S.SOO miles 
away, calls for incredibly close computation. And that's where 
Burroughs comes in— with an electronic computer specially 
designed to receive complex information, compare it with the 


?o senrunmingtron^ necessary changes 


Important contracts are not new to Burroughs Corporation with 
its 70 years of demonstrated competence. But it is the recent 
defense projects that serve best to underscore Burroughs' breadth 
and complete capability, from research through mass production 
to actual field installation and service. Burroughs Corporation, 
6071 Second Avenue, Detroit 32, Michigan. 


BURROUGHS 

CORPORATION 


TN£m/t£MOSrMM£/// COMPUTATION 


Cone Contractors 

Tire lollowiiig are sonic o 

the groups 



and prodnedon of the first U. S. ballisKc 

missile re-entry vehicles: 


. Avco Manufacturing Cor 

.—Research 

and dcvelnpmcnl of tlic T'ita 


• General Klectric-Rcseorc 


incut and pcoduction of th 

Thor and 

Atlas ncac cones. 


• Goodyear Aircraft Corp.- 

Production 

of the jupilet nose cone uii 

ct contract 

from ABMA. 


• Republic Aircraft Coi|i. 

Ptodiictinn 

„S n„> emr ttist n-ill 

>c used for 

both Atlas and llioi under 

subcontract 

from General Electric. 


• Lockheed .Mictaft Corp 

—Research, 

CTn'r" 



sjiiie cone and from one cone to the 


In dc\ clopmcnt of fupiter nose cone. 
.^B^I.^ tcpottcdlv’ encountered all these 
problems associated with ceramic mate- 
rials. WTicn it began to look as tboi^h 
the disadvantages would far outweigh 
the adruntages, the Army set aside ce- 
ramics and started insestigating plastics 
as possible ablation matnials. 

Comparatisc newcomers to the field 
of structuni! materials, plastics arc gen- 
cr.illv thought of in terms of low melt- 
ing point or easily inflammable bouse- 
hold items and toys. Tliis is no longer 
true as proved by the use of plastics in 
such hot-spot applications as noz/lc 
liners and jet snnes. Plastics producers 
now arc beginning to call their products 
b\- more formal names, such as poh incr 
svstems, to avoid earlier connotations. 

Of most immediate interest for nose 
cone work is the particular group of 
pohmer ss^tems commonly referred to 
as reinforced plastics. Basically, these 
materials arc composed of organic res- 
ins combined with organic or inorg.mic 
fibers of materials such as gla.s.s. asbes- 
tos, ceramics, nslon or metals. Tlic 
fibers sene a purpose similar to that of 
steel in reinforced concrete. 

For s-ers’ short times (calaihitcd in 
seconds), reinforced plastics arc able to 
ssithstand temperatures above '-000F 
—some compounders claim temperatures 
as high as 14.000F. Also, materials are 
liglit. dimensionally stable, have high 
strength-to-weight ratio and heat re- 
sistance, are more ductile and easier to 
fabricate than ceramics, and are com- 
parativelv incxpensisc. Among some of 
the newer compounds that more-or-less 
are tspical of this category arc; 

• Astrolitc, a plastic reinforced bv 
leached glass fibers, developed by II. f. 
Thompson Fiber Glass Co. At 450F, 
the resin melts away, leasing a mat of 
glass fibers. Fibers start to melt at 


CUT YOUR MANHOURS 40% 



Up to 40% savings in manhours 
can be realized by using Blind Nuts 
requiring only one installation step 
compared to conventional nulplates 
or gang channel nuts, each requir- 
ing four installation steps. 

Blind Nuts already have saved a 
substantial number of manhours on 
the huge C-133A turboprop trans- 
port built by Douglas Aircraft 
Company, Long Beach Division. In 
one application alone, more than 



draulicaliy operated gun. Hand in- 
stallation tools are also available. 
Blind Nuts will accommodate screw 
or bolls in sizes ranging from 4-40 
to H-24. 


1000 Blind Nuts are used to attach 
the heavy counterbalanced close-out 
panels to the leading edges of the 
elevators and rudder. 

Because its expander nut is drawn 
and locked into the sleeve, use of 
the Blind Nut also eliminates possi- 
ble rework time during the installa- 
tion of access or close-out panels 
when an entire gang channel must 
be replaced if a nut is knocked out. 


SLIND NUT INSTAllATION 



INSTAllATION 



l-curn how Blind Nuts can reduce 
vour mjnhoura. Wrile for details. 



ft\-v It TOOL COMPANY 

"'ll' 3600 WEST 347TH STIEET • TORRANCE. CALIFORNIA 
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fliPesearch Aviation Service Division 


Los Angeles International Airport, Los Angeles 45, California 


MAIL COUPON 


AiResearch Aviation Service Cempony • Los Angeles Internotionol Airport, Los Angeles A5, California 


Please send me detailed 
information on the “AIRESEARCH 
MAXIMIZER" kit. 


NAME 

STREET 

CITY STATE. 



VOOOi'', turning sticky uiid iitilicring tci 
tlic surface until they finalls r.nxmA'. 

• Organic ]>olymer system «itn r.in- 
dom orient^ reinforcement tirat is be- 
ing offered i)\- ^ugllt^ Aircraft Co. 
(,A\\'. Niar. 24. |). 20). Like .Astroiite, 
tile liuglics plastic atisorbs licat first by 
decomposing and tlicii liy subliming. 
Companr sa\s lire material is able to 
withstand tcnipcratntcs to 6.000F and 
c.slianst velocities to 8,000 fps. for sliort 
|x;riods. 

• Family of reinforced plastics pro- 
duced by Raybestos-Manhaftan inc., 
designated RPD. Basically, mcmlrcrs of 
tills group arc composed of asbestos 
blfiulcel nitli otlicr 6tx;rs, siicli as glass, 
and blended or imprc-giiatcd n itii resins 
or inorganic binders, such as silicones or 
|)lien<jlics. Material has liceii tested out 
to tcmpcr.itutes of 6.000F. 

• Acrorez E60t and Aeroa/ E602 
reinforced plastics developed by Aero- 
jct-Gcncral Corp. First is a laminating 
tesin reinforced with glass fibers and 
lias been subjected to temperatures 
aliovc 5.000F in a liigh sclocity gas 
stream for sesetal seconds. Second is a 
resin-ccromic system uhich is also re- 
inforced M’ith glass fibers. 

• Plastic-bound inorganic materials sc- 
ries offered by Havcg Industries, Inc. 
and Reinliold Engineering and Pla.sties 
Co. Materials ate combination.s of 
metals, plastics and ceramics wiiicii ate 
said to he capable of withstanding 
temperatures to 12.000F for sliort runs. 
Mass Transfer 

For nose cones, tlic reinforced plas- 
tics arc cured in a matched metal mold 
wlicte they arc pressed into the desired 
shape. Resultant cones can and have 
been used by thcmsolics or fitted over 
substructures. For a large re-cntrv \e- 
iiiclc such as the Jupiter nose cone, it is 
more than likely that the shaped plas- 
tic cone is fastened to a metallic sub- 
structure. 

As used on the Jupiter, the reinforced 
plastic re-entry s’chicle «ill not rcaliy 
ablate in tlic accepted sense, fflie plas- 
tic will act more as a Iieat blocker than 
as a heat remoser. As they melt and 
vaporize, the reinforced plastics alter 
tlic boundary layer characteristics (as a 
result of, among’ otlier tilings, the gase- 
ous end products passing into the bound- 
ary layer) and therebv change the lie.il 
transfer coefficient; less hot is actuallv 
iransfcrrcd to tlie missile. As jet. the 
scientists still don’t completely under- 
stand the details of this so-called mass 
transfer action. 

More important, the Armj- Ballistic 
Missile Agencj’, just now starting on a 
theoretical approach to the problem. 
S.1VS tile neu- Jupiter nose cone works 
and believes its program is definitelv on 
a par with Air Force nose cone develop- 
ment. .All bugs in the system from fab- 
rication to flight have been worked out. 


according to the Agencj-, and the plastic 
cones have been ordered into produc- 

Regardlcss of where thej- stand re- 
garding the Armj- nose cone develop- 
ment, Air Force scientists apparentlv 
were sufficiently impressed by ABMA'.s 
results to start looking more closely at 
the possibilitj- of reinforced plastic nose 
cones (.W', Apr. 7. p. 25), setting 
aside their ceramic work— at least 
temporarily. 

Ablation Commitment 

As far as tlie iminediate future goes. 
Iioth the Army and tlie Air Force ate 
stronglj- committed to the ablation ap- 
jiroach and ceramics still are definitely 
in the picture for both. 

In fact, before this recent resurgence 
of interest in reinforced plastics. Air 
Force nose cone contractors General 
Electric and Avco liad just about de- 
cided on the particular ceramics thev 
were interested in for flicit second gen- 
eration re-entry vehicles. The Army Bal- 
listic Missile Agencj- also is continuing 
its ceramic studies. 

ABMA rcportedlj- ran into most of 
its trouble in trving to develop fabri- 
cating methods. Presses large enough to 
form ceramic structures the size and 
shape of tlic Jupiter nose cone are al- 
most impossilile to find and very costlj- 
to produce- Armj- decided to trv to 
iiandic the ceramic like a cement mix. 
The idea w-.is to pour a ceramic solution 


fiv-er a mold and lot it dry into sliape 
without pressure and then fire it in an 
oven to develop its ultimate strength. 

Slip Casting 

Tliis tecliniquc. known as slip casting, 
is a fairly common and successful way 
of commcrciaiiv forming rcfractorj- ma- 
terials. But so fat, it has failed to meas- 
ure up to tiic demanding nose cone 
specifications for uniformitj- and lepro- 
cfueiliilitv of composition. Sy the same- 
token. if and when it is perfected, tlie 
Armj- will have a good, simple, inex- 
pensive waj- of making ceramic re-enttj 

Many materials engineers are con- 
vinced tliat as soon as slip casting or 
some otlier technique is perfected, cer- 
amics will become the top materia] 
clioice for rc-entrv vehicles. Tlie reason 
is not simply tiiat ceramics are better 
ablation compounds. The problem, 
scientists point out. is primarily to keep 
as much he.it as possible from going 
info the re-entry vehicle. 

Ceraniics can do this bj- removing 
heat in clianging its phvsicai state (abla- 
tion) and bj altering the conditions in 
the boundary laj-cr (mass transfer) and. 
according to' flic scientists, can do the 
job more effectivelj- than other materials 
prcsentiv available. 

Earlv in tlie .Air Force ballistic mis- 
sile program, it was decided tliat the 
quickest wav to get an operational tc- 
entrj- vehicle was to take the heat-sink 
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ROLLS-ROYCE 

PROP-JET OR TURBO JET ENGINES 

have been chosen by 

0WER50 AIRLINES 

For their short, medium or iong range airiiners 

Designed to give maximum performance and long life between overhauls, Rolls-Royce prop-jets and 
turbojets are backed by the unique experience gained in over 4 , 000,000 hours airline operation of Dart prop-jets 
powering Vickers Viscounts on the air routes of six continents. More than half the prop-jet 
and turbojet airliners in service with, or on order for. world airlines are powered by Rolls-Royce engines. 



ill 






British, American, 
Dutch and French 
built airliners and 
executive aircraft 
, t powered by 

^ ROLLS-ROYCE 

/ GAS TURBINES 



WLLS-P.OYCE LIMITED. DERBY, ENGLAND. 

■ MOTOR CARS • DIESEL AND GASOLINE ENGINES • ROCKET MOTORS • NUCLEAR PROPULSION 


approach. It was coinpiinitircly simple 
and more was known about the ma- 
terials and techniques involved. 

Once the approach was set. the first 
problem for Gener.i! Electric .md Avco 
was finding a suitable material. A look 
at the niatcriah picture showed that 
there were actiialh only about fi\e or 
six ^ndidates that could be seriously 

One of the most promising was beryl- 
lium. It was light, had higli specific 
heat and thermal conducti\itv, and 
sliowed good resistance to oxidation. 
On the other hand, bertllimn metal- 
Intgs- was at a comparatively early age. 
(he material was brittle, difficult to 
fibric.ite, highh' toxic and expensive. 

In spite of its drawbacks, 'both -\r CO 
and Lockheed decided that bcrillium 
merited serious investigation as a |Jos- 
sible nose cone material. Brush Beryl- 
lium Co. supplied the material. Both 
.•k\co and Lockheed tan into trouble 
trsiiig to form tlie material and in cop- 
ing with the highly toxic bervilium 
dust. 

But it wasn't too long before .\vco 
learned how to handle the material, ac- 
cording to a company spokesnum. .\s 
eridence of its capability, the compam 
])oii)ts to what it belieres is the largest 
beryllium ingot e\er made. Asco's ex- 
perimental manufacturing group took 
tills solid ingot and turned it into a 
series of intricately machined conccn- 
t'lc rings. Avco dropped the project 
when certain design changes in the nose 
cone program made it possible to go 
to a material imich less expensive than 
bcrsllium. Conipaiiy is still interested 
in beryllium, however, and is |)ushing 
it for use in other parts of missiles. At 
last reports, Lockheed ss-as still working 
on beryllium as a possible nose cone 
material (AW Jan. 6 , p. J9). 

Graphite Test 

Another material that shosved some 
gironiise as a heat sink was graphite 
which is described b\' one ma|or pro- 
ducer, Speer Carbon to., as a machin- 
able ceramic. From a weight stand- 
point, according to Jackson R. Staldcr, 
nt the Xationai Adsisory Committee 
tor Aeronautics, tlie amount of graphite 
required would weigh only about sh 
as much as copper if each material is 
allowed to roach a surface temperature 
equal to 75% of the melting or suh- 
hniation temperature. Graphite also 
lias good thermal sliock resistance. .\ 1 - 
though graphite has loiv strength at 
room temperature, it is unusual in that 
it maintains, or cicii slighth increases, 
its strength at temperatures up to about 
4.700F. 

But graphite is subject to higli sur- 
face temperature gradients. And for 
nose cone use, it was felt that graphite 
would need n coating to protecl the 
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Multi-column 
Smaller size 

Hermetically 

sealed 


Cox and Stevens 

LOAD CELLS 


For greater oceurocy and stobllily in oil types of weight and force 
measuremenl, specify new Cox ond Stevens hermetically sealed load cells. 
Sixteen stroin gages in multi-column design provide up to 250% greoter 
output, improved stability and better uniformity between cells. Capacities 
range from 500 to 200,000 lbs. All cells with 30 feet of speciol moisture- 
ond chemical-resistont cable in stoinless steel jacket. 

Cox ond Stevens' fifteen years experience in designing and manufacturing 
lood cells, plus dead weight testing facilities which make possible calibra- 
tion to higher accuracies, assure maximum reliobilify. Write for technical 
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the fastest, most economical way 
to produce sharp, clear copies... 
thousands if needed.. .in minutes! 

XEROGRAPHY 



and OFFSET DUPLICATING 


More and more, modem business relies on xerography . . . the world’s most 
versatile copying process... as the fastest, most economical way to produce 
shaip, clear, high-quality copies — thousands if needed — in minutes. 

Everyday, systems and procedures men find new uses for .xerography... 
enlarging, reducing, copying onto all kinds of duplicating masters, simpli- 
fying operations, speeding vital changes to the shop and field. 

Daily, xerography is contributing fresh and major economies to industry 
and government. It will pay you to investigate its benefits. Write today. 
Haloid XeroX Inc., 58-lOlX Haloid St., Rochester 3 , N. Y. Branch offices 
m principal U. S. and Canadian cities. 
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XEROX- 



Swedish Saab has Armament Versatility 

.^imaincnt choice that Swedish S»b-)2A Lmsen uttack aitenift is designed to carry inehides 
IVpc J04 air-to.gtound guided missiles on wing pylons; twelve 18 cm and twcnh-foiir IS cm 
caliber rockets: nvelve ZZO lb. illumiiution bombs; tour SSO Ib. bombs and two 1.100 lb. 
bombs. Ammunition is for 20 mm guns. 


stitface against oxidation and erosion. 
Difficulty of developing a high tcnipct- 
;iturc coating tvhicn would allow ex- 
irloitation of the material’s high sub- 
limation temperatures led to a gcnctal 
loss of interest anioiig nose cone de- 
signers. But a nuinhet of research 
groups hate been svorfcing on the ]3rob- 
lem of high tcinpcnitiirc protective 
coatings, and at least one. National Re- 
search Corp., has come up with wliat 
it bclicscs is a workable soiiition to the 
graphite pioblein. 

Nlateria! of choice prosed to be 
copper Despite its high densitv .and 
the resultant heavy weight of a copper 
nose cone, General Electric and -Avco 
scientists found that a copper re-entry 
vehicle liad excellent resistance to 
thermal shock as well as high thermal 
conductivity and ductility. More im- 
portant, the rnatcrial was comparativ elv 
inexpensive and could be obtained from 
standard commercial supplv sources- 

Actually, heat sinks don't solve the 
le-cntrv problem; they mostly avoid it- 

Principle of the heut sink is the ab- 
sorption and storage of heat. A good 
heat sink material must have high he;it 
c-apacitv’ and good thermal conductivitv 
(so that the heat can he carried awav 
fiom the surface before surface tempera- 
tures build up to the melting point). 

Critical environment factors arc (1) 
the total amount of heat that is trans- 
ferred to the re-entry vehicle from the 
environment and (2) the rate at which 
it is transferred. Materials, no matter 
how good heat sink.s they arc. have a 


limited heal capacity and rate at 
which they can safclv conduct heat. 

Once they found a good heat sink 
material, General Electric and .Avco 
then faced the problem of keeping aero- 
dynamic heating within the tolerance 
of the nose cone bv maximizing heat 
cvipacity, minimizing heat build-up and 
transfer rates. The only wav to increase 
thermal capacitv— and then only bv a 
limited amount-is by greater slab 
thickness in the nose cone. 

Minimizing heat build-up and trans- 
fer rates was more complicated and. in 
accordance with the work of 11. Jiiiian 
Allen and A. J. Eggers, Jr., of N.-kCA’s 
A)iics Aeronautical Laboratnn- (AW' 
June 2-t, p. 52). meant the use of blunt 
shapes and flat approach angles. 'Ilie 
flatter the approach angle, and the 
more blunt the shape, the longer the 
re-entry vehicle takes to reach the 
ground. This actually results in a 
larger total heat input but a smaller 
rate of heat transfer, since the heat 
transfer is spread over a longer tinio 
interval. In the case of a blunt bodv. 
the amount of heat input per unit area 
is also diminished because the he;it 
input is spread over a greater area. 

Too, the blunt body starts elecclerat- 
iiig sooner than a streamlined unit and 
readies its point of peak deceleration 
(wliich is. roughlv, the same point at 
which maximum heating occurs) at 
higher altitudes where the air is less 
dense and so aerodynamic he-.iting is 
less. Blunt bodies with their high pres- 
sure drag keep flic ratio of skin friction 
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ANGLgear^simplifies your 90° drive problems 


2'4 HP 


You fan now specify ANGLgear 
in Mtings from H to hp, with 
choice of 1:1 or 2:1 gearing and 
2 or 3-way shafting. Selection like 
this makes it easier than ever to 
meet your 90® power takeoff re- 
quirements with one of these 
standardized bevel gear units. 
AKGLgcar is designeti specilicaliy 
for airborne applications— as an 
original equii>ment component or 
for replacement anrl repair use. 
Extremely compact and featuring 
4-«ny mounting, it is cjisy to in- 
corporate in your power trans- 

LINEATOR® • ROTORAC® 


With its precision gearing, it pro- 
vidc.s smooth, positive drive, free 
from hneklash or slippage prob- 
lems. Completely enclosed and per- 
manently lubricated, it requires 
little or no inaintcnance. Further- 
more, .\NGLgeur invariably costs 
less than other types of right-angle 
drives. 

NEW CATALOG AA-58 


ANGLgear is available from stock in the types 
and sizes listed in the table below. Special sizes, 
special gear ratios, etc., can also be furnished to 
your requirements. Write for further information. 


ROTOR ETTE® 


ROTOLOK 


AIRBORNE ACCESSORIES CORPORATION 


WINNI 


drag to total drag at a minimum with 
the result that most often licit goes to 
tlic air ratiier than to tlic cone. 

By doing ail tiicse things, Avco ■'md 
General Electric in effect slow their le- 
entrv vehicles to the point where aeto- 
dynamic heating remains within ac- 
ceptable limits. At the same time, 
however, tlic slowed descent and termi- 
nal speeds mean increased opportunities 
for detection, interception, and wind 
drift errors. 

Once the first production contracts 
liave been filled. Iicat sink nose cones 
are almost certain to be discarded as a 
solution to the re-entrv problem— at 
least for long range missiles. There re- 
mains the possibility that this approach 
will be used in manned re-entrv ve- 
hicles. 

General Electric and Avco arc re- 
portedly among the five or six finalists 
in the Air Force’s manned orbit pro- 
gram for next year (AW .Apr. 7, p. 26). 
Both companies hate claimed that with 
minor modifications their intercontin- 
ental ballistic missile re-entry vehicles 
could be used for manned satellites. 

W'ith this one possible exception, the 
missile nose cone picture narrows down 
to the ablation i\-pe re-entrv vehicle 
made of reinforced plastics or ceramics. 
There are. of course, other approaches 
and other materials (AW Alar. 3. p. 
147). New or advanced devices sucli 
as manned rocket aircraft and glide ve- 
hicles win add their own peculiar twists 
to the re-entry problem. 

But, for ballistic missile re-entrv 
vehicles, most scientists now involved in 
the nose cone program believe that 
ablation holds the greatest promise for 
the immediate future. In five tears, 
perhaps, alrlation niav give wav to fluid 
cooling or inaCTeto-hydrodynamics. 
More likely, tire later approaches will 
he used in conjunction with ablation, 
lit least at the start. 

Molybdenum Coating 
Technique Developed 

Cambridge, Mass.— Coating tech- 
nique developed bv two scientists at 
National Research Corp, may soon give 
molybdenum a chance to prove its 
suitability as a high temperature missile 

Long regarded as a top contender for 
high temperature (2.000F and above) 
applications, molybdenum has not vet 
lived up to its full potential, primarilv 
because of poor oxidation resistance at 
elevated temperatutes. (.AW Dec. 23, 
p. 41.) 

Now. however. Pbili|5 (. Clough and 
James H. .\foore of National Research 
Corp. have developed a technique for 
coating molvbdcnum with an alumi- 
num-silicon alloy, lire coated material 
can withstand tcmpccatures above 


3.000F under oxidizing conditions for 
7-8 hr. as well as rqjcatcd cycles of 
rapid Ircating and shock cooling. Modi- 
fication of tlic coating with high tem- 
perature materials such as tantalum or 
niobium could push the temperature 
limit as liigb as 3,OOOF for a period of 
pcrluips 10 sec. Applications to nose 
cones, rocket nozzles and jet engines 
arc obvious and under evaluation. 

Molvbdenum disilicide coatings as 
such arc not new. But heretofore ap- 
plication has been expensive and im- 
perfect. Clough and Moore claim their 
process (for which a patent is now 
pending) is inexpensive, practical and, 
most important, deposits a uniform 
coating free from pinholes. 

Process consists of spraying an 
aluminum-silicon alloy on a molvbde- 
num surface. The coating is oxidized 
to form a high surface tension film and 
then heated in the absence of air. This 
results in a coating .010 to .013 in. 
thick that adheres strongly to the mo- 
lybdenum surface. 

In the finished coating, the original 
aluminum-silicon alloy actually re- 
solves itself into three tightly layered 
but distinct parts. On top of the origi- 
nal molybdenum surface, a dense, ad- 
herent interface composed primarilv of 
molybdenum disilicide is formed. iTie 
next layer is predominantly an alloy 
of molybdenum, silicon and aluminum. 


On top of this is the outermost layer, 
consisting principallv of aluminum ox- 
ide and silicon oxide. 

The layering of the protective coat- 
ing is important. 

Ill effect, if creates a double inter- 
face wliich slows the flow of lieat into 
the base materiai. 

More significant is the fact that the 
caiting can be applied to a molybde- 
num surface which itself is onlv a thin 
coating on top of some other base ma- 
terial. .An important weight saving 
might result, for example, if graphite 
could be used as the base material. 
Graphite can be carted in this manner, 
according to Clough, and graphite 
coated structures ate being considered 
for nose and nozzle applications. 

Fatly work in this area at National 
Research Corp. was sjjonsotcd by Cur- 
tiss-Wright which was interested in 
using the material in ramjet nozzles. 
Mohbdcniim-coated nozzles were pro- 
duced but never proved out because of 
poor welding. Since then, fabricators 
have gained much experience in han- 
dling molybdenum and obtaining good 
welds is no longer a major drawback. 

A coated nozzle, tested in a ramjet, 
lasted an hour at a gas temperature of 
3.500F and a gas velocitv of 5,000 fps. 
•An uncoated nozzle would have burned 
out in 40 sec. under the same condi- 
tions, according to Clough. 
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Aviation Week Pilot Report 


C-133 Exhibits Stability, Controllability 

By Richard Sweeney 

Long Beach— RclinciTicnrs in design 
based cm cxpericucs: gained oxer the 
years have made Douglas C-H3 turbo- 
prop transport an airplane capable of 
supporting, on a practical and economic 
dav-in-day-out basis, military or com- 
mercial operations built around airlifts. 

W'ith an original design goal for 
earning ?0.000 lb. paxload 2,500 naut. 
mi., airplane was built xvith ample in- 
heront stretch in range and groxvth in 
pavload potential, roadv for aixticipated 
poxxerplant improxements. 

,\irpianc highlights are: 

• Cargo hold appro-ximatiug 15,000 cu. 
ft- squared off. xxhich xxill hold planc’.s 
present maxiimmi pavload xx-cight at 
slightly more than 7 lb. 'cu. ft. densitv; 
xet design is such that up to 10 Ih. cu. 
ft- densities could be carried xxith pre- 
sent floor and ticdo'vn proxisions. Icax- 
ing groxvth axailahle here. 

• Floor height and loading and unload- 
ing capabilities xvhich drastically cut 
time of cargo handling, facilitate han- 
dling under less than optimum field 
conditions. 

• Systems design and installation for 



CARGO loading ramp and cargo are conveyed on belts into C-1J3 ca^o compartmeBt. Cargo 
chat is palleted but not tied doxxn is held in place by cargo nets and can xxithstand 3G forces. 
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maximum simplicity, ease of inaintc- 
nance and service. Design is such that 
airplane is self<ontaincd. reducing 
ground support equipment and facih- 

• Minimum strnctntai changes required 
to e.xpand the airplane from its A mod- 
el to B with attendant groxvfli in sex- 

• Flight characteristics xxhich ate con- 
sistent xvitli airplane’s size, fact that it 
uses no flight control power boost, has 
simple, reliable, lightxxeight aerody- 
namic tabs. 

Flight Sampling 

C-153 flight characteristics, as sam- 
pled by Aviation W'eef pilot for a 
short period of time, are those of a 
heax-y airplane xxnth good controllability, 
stability. 

Haxiiig considerable fuselage ahead 
of the xving, C-133 exhibits xvhen a 
sharp roll is induced to one side, then 
the other a lateral shaking xxhich is 
definite enough to warrant cither a firm 
stance against it or being buckled into 
a scat firmly. 

Originally equipped xvith aileron 
boost, airplane noxv has xortex genera- 
tors installed forward of ailerons to as- 
sure adequate roll rate, and boost has 
been disconnected in planes in scrxicc. 
IS being eliminated from airplanes in 
production. 

Aircraft, No. 13. xxas on rc-acceptancc 
flight by USAF after haxing been bailed 
back to Douglas for test xxork. Gross 
weight at takeoff xxas 182,000 lb- Plane 
broke ground in takeoff run after ap- 
proximately 2,500 ft. at 150 kt. indi- 
cated air .speed . 

During climb at nonnal climb power, 
aircraft sustained a 2,000 fpm. rate 
until well past 10,000 ft. Climb rate at 
20.000 ft. still xvas 1,300 fpm. Tliese 
rates are approximately twice those of 
climb under full load conditions. 
Attitude Maneuvers 

Maneuvering at altitude showed a 
35 deg. bank required to obtain a four 
minute turn. Little or no back pres- 
sure xxas required in turn, and control 
forces xxere normal for airplane of thi.s 

Definite changes of attitude xxerc re- 
quired to produce flight path changes. 
33'cight and .size of the airplane feed- 
back through control svstcin was most 
pronounced in pitch axis- 

.\itctaff registered a true ait speed of 
2S5 kt. at 80% poxver at 20.000 ft., 
with outside air temperature at — HC. 

Like other aircraft of its size, C-133 
requires steady and positive control 
muxements. Oxcrcontrol is undesirable, 
from a flight path standpoint and be- 
cause of lateral airloads associated xxith 
the nose and tail shake noted earlier. 

Airplane's descent characteristics arc 
good, the clean lines producing a "fly- 
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NEW SERGEANT MISSILE WILL GIVE 
U.S. ARMY GREATER STRIKING POWER 


Development of the new sergeant bal- 
listic guided missile is a timely reminder 
(hat our nation’s security requires accu- 
rate, highly mobile tactical weapons for 
ground defense as well as the more spec- 
tacular intercontinental missiles so much 
in the news. In limited or global war, our 
frontline troops need the support of such 
a weapon to crush an aggressor's attack 
long before he comes within the limited 
range of present artillery. 

The SERGEANT missile is the answer. . . 
a ready-to-go solid propellant weapon 
with the ability to carry a nuclear war- 
head, a truly important contribution to 


the security and retaliatory power of our 
ground forces. In defense, the powerful 
SERGEANT will furnish U. S. Army com- 
manders with mobile firepower that will 
be ready in minutes to strike at any 
attacking force. On offense, this highly 
accurate weapon can join tactical air 
units in destroying enemy fortifications. 

The SERGEANT IS being developed by 
the Jet Propulsion Laboratory of the 
California Institute of Technology for 
the Army. In preparation for production, 
Sperry has been working with JPL since 
the beginning stages of design and devel- 
opment. Complete production of the 


weapon system will be carried out by 
Sperry's Surface Armament Division. 

Sperry's many contributions to the 
U.S. missile program, ranging from com- 
plete missiles to major sub-systems such 
as radars, automatic inertial guidance 
systems, electronic countermeasures, and 
automatic missile checkout systems, ac- 
count for its selection as system manager 
for the production of sergeant. 



DIVISION OF SPENKy f!»ND CORPORATION 



Boeing 707 Jet Transports in Final Assembly 

Final assembly line at Boeing Airplane Co. plant is crowded with seveo Boeing 707 jet transports. ,\t top left, fourth aiiplaue ordered by 
Pan American World Airways already has tail markings, is in final stage of compleb'on. Four transports at tight ate under construction 
for American Airlines. First and second aircraft at left also are Pan American's. Total of 16f Boeing 707s have been ordered by 15 airlines. 


iiig down" feel in descent, rather than 
that of a glide or controlled fall. 

Shutdown to feather of all four en- 
gines was accomplished by USAF pilot 
wliilc AviATtON Week pilot was han- 
dling flight controls. Engines were 
shutdown by fuel cutoff, and yaw or 
roll tendencies were almost completely 
absent. Most noticpiblc flight charac- 
teristic III engine feathering cycle was 
a definite tendency to tuck down as 
engines were restarted and propellers 
were starting return to normal pitch. 
However, tliiough all four shutdowns, 
airplane was easily aintrolled with one 
liaiid. pressures required on control 
column were not excessive. 

•Airplane decelerates slowlv in flight 
and landing approaclt at light wcigitt.s. 
Flap use is at iscretion or pilot, with 
certain recoiniiicnded settings usually 
followed. Airaaft at light weights 
cnincs or cr tlic fenec at 100 kt. IAS 
.and lower, while a high speed approach 
at liigh landing weiglits would be of 
the same order as that of todav’s DC-7 
class airplanes. Aircraft lias a rery flat 
apptoacfi angle, and lauding attitude is 
slight to moderate nose Iiigli due to 


configuration of the aircraft as well as 
its size and weight. 

Taxi is accomplished in citlicr high 
or low ground idle range, a function 
selected by pilot according to desired 
speed. Hydraulic nose wheel steering 
is accomplished by handwheel on left 
of pilot. 

Cockpit layout is excellent, with all 
controls easily reached from left scat. 
Pilot pedestal contains fuel control lev- 
ers and power le\crs, and eomiiiunica- 
tion and navigation electronics controls 
are on a lower level of pedestal which 
extends Ijack from main section. Roll 
and |)itcli trim wheels arc on pedestal, 
yaw trim is located above instrument 
panel in front of windshield. Overhead 
p.iiiel contains electrical, engine start, 
otlicr switclics. 

Axial Flow Engines 

Engines arc axial flow turboprops, 
direct drive rather than free turbine, 
geared down so tliat propeller speed 
stavs relatively constant in flight regime, 
between 800 and 900 rpin. Power set- 
ting changes are absorbed through blade 
an^e change. 


Engine gages, mounted in center of 
instrument panel between pilot and co- 
pilot. consist of torque pressure indi- 
cators, rpm., exhaust gas temperatures, 
fuel flow indicators. Power is ascer- 
tained accuratelv by cross icfercncing 
gages, although torque pressure is a 
good toiigli index. Under these are oil 
temperature, pressure, other associated 
engine gages. 

In the C-13J, primary engine con- 
trols are operated from pilot and co- 
pilot stations. The systems engineer 
controls the auxiliary gas turbines, air- 
plane air conditioning system, fuel 
nianagenient and anti-icing svstems. 

Since C-133 auxiliary turbines can 
supply bleed air for starting, airplane 
docs not liavc to rely on ground start 
equipment. Bleed air is manifolded all 
directions, behvecn auxiliary turbines 
and all engines and between engines. 
Anv engine niav be started first. 

Procedure calls for selecting engine 
on bleed air manifold selector switch, 
and as valve opens, a liglit comes on 
from zero engine rpm. As bachometcr 
moves to 10% rpm., fuel control valve 
is nioved from off to normal, and as 
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GENERAL ELECTRIC’S LIGHTWEIGHT J79 PROVIDES . . . 



Power for USAF’s 
First Operational 
Mach 2 Squadrons 


Following successful completion of the most compre- 
hensive test pr<^ram ever conducted on a U.S. mili- 
tary aircraft, the potent J79-powered Lockheed F- 
104A is in operational service today with USAF’s Air 
Defense Command at Hamilton AFB, Calif., and 
will soon-be operational at Westover AFB, Mass. 
General Electric's J79 is first U.S. Mach 2 production 
turbojet, makes the F-104A missile-like in speed as 
well as appearance. 

The remarkable F-104A/J79 combination gives ADC 
an interceptor that is . . . 

FAST... 15, 000 Ibs/tfirust powers Storfighter post Mach 2. 
POWERFUL...F.104A climbs as fost os It flies level. Is USAF's 


highest-flying Interceptor. 

LieHTWEIGMT...F-l04A/J79 weighs only oboiit 20,000 lbs, J79 
weighs only 3200 lbs. 

VERSATILE... Storfighter does Its |ob ot high oltitudes or low 
levels, will also serve as Tacticol AirCommond fighter-bomber. 
EFFICIENT. ..Cleon oircroft design uses roior-lhin wings; 15,000 
Ib-thrust-closs J7? delivers more power per pound of engine 
than ony other large U.S. production turbojet. 

First of America’s J79-powered “Mach 2 family,” the 
Lockheed F-104A demonstrates that lightweight, high 
thrust powerplants are the key to new aircraft per- 
formance standards. General Electric Company, Cin- 
cinnati IS, Ohio. iss-M 


T^ogre&s k Ovr Mo&t Impor^anf Proe/ud- 


GENERAL 



ELECTRIC 





-an "economy size" jet of sweptwing design, 
that can match the performance of large 
jet transports.. .but at a fraction of their costs. 


The JETSTAR was built with 
Lockheed funds to fill specific mil- 
itary needs. In tests it has flown 
faster than 500 knots, and cruised 
at altitudes of 45.000 feet. The 
first prototype is now undergoing 
Air Force evaluation testing at 
Edwards Air Force Base. 

A lO-passengcr plane in its stand- 
ard configuration, the JETSTAR has 
built-in flexibility of interior de- 
sign wliich gives it die capability 
of performing many important Jet 
Age military missions: 


1. S^avi^ator-BcmburJier trainer 

2 . Eli'ctronics caimicnneasures trainer 

3 . Airways and air fomimiiiJcafioHS 
systems inspection 

4 . High-priority cargo carrier 

5 . High-priority personnel transport 
The only aircraft of its kind fly- 
ing today, the JETSTAR has the 
rugged stamina and easy maintain. 
ability designed into ail Lockheed 
planes. These qualities assure long 
life and maximum utilization- 
more important today than ever 
before in our history. 



means leadership 


GEORGIA DIVISION • Lockheed Aircraft Corporation, Marietta, Ceorgic 



Navy Blue Angels Perform in F11F-1s 

Two members ol Navy's Blue Angel aciohatic team, flying Criininian FIIF-Is, practice liigh over Pensacola, Fla. (.AW Nov. 18. p. 71). 
Tbe Wright J65 AV-l'S-powctcd FllF-I the Blue Angels use is the standard filter with only the guns removed. 


the letei moves, it actiiates a niicto- 
switch wliich turns on ignition plugs 
which arc timed for three minutes run. 
Engine starter stays engaged and helps 
bring tip engine rpm. to 48%. where 
starter disengages autoiniitieally. 

Feathering procedure calls for mov- 
ing fuel control from norawl position 
to off position, then to feather position. 
A backup manual feathering switch also 
is pro'ided. Position of power lever 
is immaterial in a feathering, except 
that for restart it is properly positioned 
in flight-idle. 

Unfeathering is accompli.shed by mov- 
ing fuel control lever from feather posi- 
tion to fuel-off position, which flattens 
blades 3 deg. and windmill occurs. .At 
windmilling, prop decrease clutch keeps 
flattening blade, and at 10% rpm., 
ground start procedure is followed. 

As a backstop, an air start position 
on the fuel control level will .start the 
unfeatheting cycle, but will allow engine 
to reach onlv 20% rpm. level, where 
engine can light off, but propeller stays 
in Bxed pitch. Air start position must 
be held on fuel lever, and when re- 
leased, it will return to nonnal ran 


position, being spring loaded. Power 
lever controls engine rpm. It works on 
propeller blade angle and fuel schedul- 
ing by electronic connection. 

Engine is provided witli negative 
torque control since it is a direct drive 
system. Propeller gearing inteniicshes 
with engine in a hookup similar to an 
automobile starter's Bendix spring. In 
a power-off condition, propeller auto- 
maticallv gets signal to feather itself 
lather than trv to turn the turbine, a 
proposition wliich actualiv consuhics 
some 18,000 hp. when engine is on. 

A bull gear arrangement is used on 
fiont of turbine shaft which throws out 
whenever propeller is not inairting a 
positive load, sends the electronic sig- 
nal to propeller to feather itself. 

Like all turbine engines, T34 usable 
power range spans a small percentage 
of its rpm. However, the power levers 
on control pedestal have 90 deg. tlirow, 
with some 70 deg. of this devoted to 
the 93% rpm. to 100% tpm. range 
where engine output spans from 6056 
to full power, hull turbine power is 
developed at 11.000 rpm., and only 
550 rpm. separates maximum power 


from cruise power. 

Flight idle condition is at 92% rpm., 
while 91% rpm. is high ground idle, 
and 54% rpm. is low ground idle. 

Power settings ate achieved by estab- 
lishing desired torque pressure, exhaust 
gas temperature, fuel now. in combina- 
tion with outside air tenvpctaturc, alti- 
tude. Much of the cross referencing in- 
formation is chart-derived, since pilot 
cfrntrol activates just the twxi elements 
of engine control which are clccttoni- 
cally interrelated. There are tolerances 
in readings, since sensors or gages can 
be inaccurate, and if two elements read 
correctly out of three, power is assumed 
to be correct, the gage wrong, since 
fliglit response coupled with two proper 
readings indicate proper functioning nf 
airplane, malfunction in gage or sensor. 

'Ihc 18-ft. dia, propellers ate Curtiss 
electric, with full feathering. They func- 
ti vii csscntiallv in fixed pitch during 
ground operations, with fuel flow con- 
holled bv the high or low gioiuid idle 
selection, thus slowing down propeller 
to 54% engine rpm, which is ground 
idle level. 

Outstanding economic eharacteris- 
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BENDIX WEATHER RADAR TRANSMIHER-RECEIVER 
NOW ONLY >/z ATR 


Here's important wei:;ht and space- 
saving nc'vs for airlines and multi- 
engine business aireraft owners. Xow 
available from Bendix* ... a new l.SO- 
mile range air-ljorne weather radar 
TRANSMITTER/RECEIVF.R 
'vcighing only 28.7 pounds and com- 
pletely housed in a J^yATR package. 


Designated the RDR-ID. this new 
T 'R unit reduces total system equip- 
ment weight to approximately 91 
pounds, using 22" or 30" antennas. 
And it is electrically interchangeable 
■with present full ATR units. 

For further information, write Ben- 
dix Radio Division, .Aviation Elec- 


tronic Products. Baltimore 4. Md. 
West Coast: 10500 Magnolia Blvd.. 
North Hollywood. Calif. Export: 
Bendix International Div.. 203 E. 
42nd Street, New York 17. N. Y. 
Canada: Computing Devices of 
Canada, I-td.. ^x 508, Ottawa 4. 
Ontario, Canada. •h«eii««k 



Bendix Radio Division 


tics of the airaaft. Dasts on «hich it 
achieves role of a true logistics aircraft 

• Direct per ton-mile operating cost of 
fi\c cents, based on C-133A type air- 
craft, with a further reduction front 
piston engine plane costs occurring 
when C-133B becomes operalioniil. 

• Loading and unloading cost vcarlv 
saving, at projected 1961 MATS cargo 
IcTcl, of SI. 147,000. realized througli 
,1 per ton cost cut frmii S2.80 for piston 
airplanes to 36 cents for C-133 bpe. 
Piston-turbine comparisons in this bine 
total tons 'aircraft, ! 5 and 34; load- 
iinload times. 3 hr. and 1 hr.; crew re- 
quired. 7 and 6: man liours consumed, 
21 and 6. 

• Reduction from a tot.il fleet of 187 
aiq)lanes-143 C-124s and 43 C-133s— 
to approximately 80 C-135 types, both 
A and B models, to handle anticipated 
196J MATS requirements. 

• Operations cost cut of S76 million 
yearly in 1961 for mixed fleet, to about 
S36 million for all-turbine fleet. 

• Fewer personnel for flight crews and 
maintenance. Mixed fleet flight cresss 
presently number 2,678 persons, could 
be reduced to 1.176, Sitving SIO million 
annualh in salaries. Direct mainte- 
nance personnel could be cut by 1,900 
to support modernized all-turbine en- 
gine fleet, Siiving another S8-5 million 
in salaries. Indirect savings also would 
accrue from lower training cost for air 
and ground crews, less support facili- 
ties required. 

Economic Effects 

Changeover from C-133A to C-133B 
aircraft would have these economic 

• Increase in speed— 5%. 

• Increase in pavload at 2.500 naut. mi, 
range— 19%. 

• Increase in ton-mile productivits'— 
25%. 

• Decrease in ton-mile costs— 26%. 

An important economic area in which 

airlift already has proved itself is in 
transport cost of such cxpensic'C items 
as jet engines. Substantial procure- 
ment funds have been saved bv using 
air transportation to reduce time a 
piece of equipment is out of commis- 
sion for merhaul or scn’icc, requiring 
fewer tohil articles to keep operations 
going during the servicing crcic. 

Ilowercr, all this up to now h-as been 
considered premium cargo. Little or no 
consideration has been given to straight 
air haulage of lesser items netxssarr to 
sustain military operations. Commercial 
renturcs also have gi\en no con.sidcia- 
tion to making airlift of all mctchan- 
dise an integral part of distribution 

Cubic capacity of C-133. coupled 
with low direct operating costs, has 
made a tremendous number of items 
now economically transportable bv air 


at costs loner than surface transporta- 
tion. thus rcmo\4ng from airlift tire 
''premiunt" label ssliicb has long held 
down its growth potentuil. 

An example if this is the current 
operation of tr.msporting Atlas inter- 
continental ballistic mi.ssiles from Con- 
sair's San Oiego plant to Cape Canascr- 
al. Fla. Surface contract haulage cost 
is 514,000 per missile (includes trans- 
porter round trip), plus cost of Air 
Police detailed to convoy for security. 
Trasel time is nine days. 

C-133 can haul Atlas from San Diego 
to Cape Canasetai in scs’en bouts, for 
a round trip price of 59.200. 

Sa\’ings would be much greater, in 


nuwement ot IRBMs, and further econ- 
omics would be realized in maintenance 
cycle b\' reduced missile “down time" 
while parts were in overhaul pipelinc- 

Additionally. since most IR13M de- 
|)loynient will be at relatively great dis- 
tances from factory and continental 
U. S., need for speed is essential in 
support as well as ddiserv. Speed also 
is vital in redeployment, should this 
become neccssatv due to factical con- 

A Thor complex is completely trans- 
porfable by air, including all support 
equipment sucli as liquid oxygen gen- 
erating equipment, guidance s-ans, elec- 
trical power supply sans. Missile and its 
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cteclor-ttanspotter, firing pad, also ate 
easily air carried. Should storable pro- 
pellants become operational, logistics 
requirement would be lowered both in 
quantity and ease of handling. 

As of now. two C-133s arc required 
to haul an operational Atlas weapon 
sj’stem. with perhaps otre required for a 
Thor, or two Thor.s per three C-133s, 
disregarding in both cases the equip- 
ment which already may be on site. If 
entire site must be airlifted for an 
IRBM, some seven C-133s might be 
requited. Two Douglas C-124s ate 
required to haul a Snark sv-stem, where 
one C-133 could do it. 

Commercial Possibilities 

While the C-133 is strictlv a military 
venture, and most likclv will remain so, 
its capabilities are such that commercial 
use of it as a true, across-the-board 
freight hauler cannot be ignored. 

Airplane's capabilities enable ait 
freight lines salesmen to be able to talk 
to potential customers in terms of using 
e.visting planes for airlift as a vital part 
of theit sales-distribution system all the 
time, rather than as an emergenev' mea- 
sure or for perishable goods. 

Changes in business thinking requir- 
ed to accept this premise will not come 
easily or in a sltort time. However, 
starting from this airplane base, mis- 
sionary work to got the concept accepted 
to a degax- can be undertaken so that 
if and when C-1 33s should become com- 
mercially available, or a better logistics 
airplane comes along, much of the 
spadework will be behind, and com- 
mercial supply by air can become a 
reality much sooner. 

Currently, 36 C-133 type airplanes 
are ordacd and funded. Planning calls 
for expansion of the Military Air Trans- 
port Service cargo fleet to about 109 
airplanes total, through Fiscal 1959-61 
funding. However, supplemental appro- 
priation would fund procurement to the 
109 airplane level, «ith production 
rate moving first to li, then 2. then 4 
airplanes per month within a very short 
period, from today’s onc-a-month rate. 

Above the MATS requirement, ad- 
ditional C-133s might be putchased for 
Strategic Air Command's strategic air- 
lift (of special SAC equipment, spares 
and gear to support the mobility fea- 
ture) which currently is accomplished 
with C-124 airplanes. 

Another possible procurement area 
is airplanes for Air Materiel Comrtiand’s 
■'Operation Safety First." the trans- 
port of ballistic missiles in des elopmcnt, 
Thor, Atlas, later Titan and others, 
from facton- to test firing sites- 

Also ineJuded is shipment of nose 
cones, nuclear warheads and associated 
highly sensitive equipment, which can 
be more easily guarded, handled in 
air transportation, in addition to faster 


Still further procurement might oc- 
cur in the area of long range troop 
transports to meet Tactical Air Com- 
mand commitment to Army. In this 
area. C-133 enjoys an advantage in 
that its usefulness can be extended 
should an airplane of the now-canceled 
C-1 32 class become available. The 
C-133 can be used to haul very high 
payloads over short distances, reducing 
its mission to that of an intra-theater 

cfhangmg the C-I33A to the B mod- 
el will occur at airplane No. 33. 
Changeover will, in addition to improv- 
ing the performance and cabilities. be 
accomplished with a minimum of prob- 
lems in production, tooling. 

Priman- changes include use of Pratt 
& Wliibiey Fr2G-6 engine, which 
has an increase in wet takeoff power to 
7.500 eshp. from the 7,100 eshp. avail- 
able with presently used P&W T-34- 
P-7W engine, and structural modifi- 
cations to accommodate the increased 
power and associated increased takeoff 
gross weight. Hydraulic boost has been 
added to the rudder, flight crew station 
will be changed for greater comfort 
on long missions, rear loading upper 
doors will bo changed to clamshell type 
for easier loading of large missiles. 

More powerful engines require 
strengthening of nacelles and wing area 
surrounding nacelle, as well as heavier 


gage skin where propeller airloads im- 
pinge on fuselage. Ribs arc added in 
outboard section of wing since maxi- 
mum takeoff gross weight goes to 286,- 
000 lb. from present 275,000 lb. 

Vertical tail surface gets reinforce- 
ment to accommodate hydraulic rudder 
boost and associated increased air and 
static loads. Crew compartment changes 
are mostly relocation of stairway into 
cargo compartment and bunks, lounge 

Hydraulic system changes include 
use of two pumps driven by main en- 
gines to power rudder boost, and handle 
greatCT braking power which goes with 
increased gross weights. Main landing 
gear retract cylinder has been strength- 
ened to raise speeds at which gear can 
be extended and retracted, ifydraulic 
system power formerly was supplied by 
auxiliary gas turbine units in wheel 
pods. 

Airplane picks up empty weight due 
to structural and other changes, and 
suffers slightly in its maximum cargo- 
minimum fuel rating, compared with 
the C-133A. Howerer, this is more 
than offset by increased cargo capacity 
at long ranges as a function of increased 
takeoff gross weight. 

Fuel earacily will be 18,112 gal., 
carried in four wing tanks. 

Some comp-irisons in performance 
between C-133A and C-133B are; 
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Clue: It's one of the busiest in the East— 
a hub for executive aircraft, (answer below) 


Now check your aviation-oil memory: 
There are two vital reasons why Gulf oils are 
better for your engine. Remember them? 

1. In addition to providing efficient, thorough 
lubrication, Gulf Aviation oils help keep engines 
clean — and safe! 

2. Gulf-clean engines can go longer between 
overhauls, because there's less wear and tear 
on engine parts. 

Choose either Gulfpride Aviation Oil Series 


D, the detergent oil, or Gulf Aircraft Engine 
Oil, the straight mineral oil— both keep your 
engine Gulf-clean and safe. 

The Airport above is Westchester County Air- 
port, located four miles northeast of White 
Plains, N. Y. It has three paved runways— the 
longest is 6,500 ft. 

And here, as in airports from Maine to Texas, 
you’ll find that complete and friendly Gulf 
Service waiting for you. 
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• High speed «ith miiitat\- intcd power 
is 502 kt. for the 312 kt. for B. 

• Service ceiling witli r.itcd power, 19,- 
300 ft. and 20.S0O ft. 

• Cargo carried and average speed at 
5 500 naut- mi. range, opliinuni alti- 
tudes, are 42.000 lb, and 269 kt. for 
the A, 52,600 lb. and 279 kt. for B. 

C-133 type airplane has taught Doug- 
las some lessons coiiectning large logis- 
tics airplanes; one nhich would be in- 
corporated is use of how loading doors 
and a change in tail configuration to 
])cat the drag penalty wliich has been 
picked up in C-133 design. 


Cargo Handling 

While the airplane capabilities arc 
high, taking fullest advantage of tlicm 
a-quircs specialized ground equipment 
for standard cargo loading and unload- 
ing, equipment tailored to airplane and 
ground environment. Part of such a 
svstem already is in use at Dover. Del.. 
MATS base, in form of a long pier 
with rollers, at airplane floor and truck 
bed height. 

Douglas Aircraft Co. currently is 
negotiating for contract to design and 
build a prototype loading system for 
USAF, of which the Dover installation 
is a forerunner. 

Configuration and characteristics of 
this system, according to Douglas, arc 
a capabilitv to load and unload 100.000 
lb. of cargo within the turnaround time 
of tlic airplane. 


Pier and Pallets 

Parts of the svstcni will be a roller 
pier, plus speciii! pallets. Pallets would 
he tailored to airolanc interior, wliete 
guide rails would oe used. Loaded to 
proper dimensions and weights, pallets 
would run on the tollers from terminal, 
across pier and into airplane, where 
plane’s own tollers would pass it along 
to its proper location. A set of locking 
pins which would engage the pallets 
in the airplane, would be incorporated 
In the guide rails. 

Thus, loading and unloading would 
consist of winching out tlie airplane's 
palletized load into the terminal, then 
using airplane’s wincli to draw on altcad; 
palletized new cargo load. 

Present C-133 has 3G capacity cargo 
hold-down nets in addition to tiedowns. 
Nets hold against acceleration in raw. 
pitch and roll axis. 


Navy Sled Breaks Record 
On China Lake Mono-rail 

Navy broke unmanned rocket-sled 
record witlr speed run of 2,827.5 mph. 
Vehicle was two-stage sled on mono-rail 
track at Naval Ordnance 'I'cst Station, 
Cliina Lake, Calif. Previous high speed, 
2,704 mph., vvns recorded at US.^F 
Missile Development Center. Alamo- 
gordo, N. M., in March. 


A FLUTTER DAMPER 



;rate through i 

iving through large amplitudes. 

It MUST operate uniformly through 
extremely large temperotgre 
ranges. 

It MUST dissipote energy at high 
frequencies which means that the 
dynamic spring* constant MUST 
be high. 

It SHOULD be light in weight and of 
small envelope. 

Through rigorous analysis CLEMCO has met the challenge 
of the aircraft and guided missile industry and now provides 
these industries with three basic damper sizes . , . EACH OF 
WHICH HAS THE GREATEST DYNAMIC SPRING 
CONSTANT. FOR ITS SIZE AND WEIGHT, EVER 
PRODUCEDl 


0-600** 163,000 
0-750** 235,000 
0-900** 300,000 


Dampert have integral housing abutments 
■rnbiy parts and extreme reliability. 


t ti' dh Idf h fi* 
a performance test^ product . . . 


CUMCO AERO PRODUCTS, INC. are furnishing the leaders of 
the aircraft and missile industry with the following: 

■OtASr AClUATOtS PtOPtlfTASY DESIGNS OF 

POWEI STEERING UNITS HTDRAUIIC AND PNEUMATIC 

FLUTTER DAMPERS UNITS FOR MIllTARr AND 

MISSILE HNS AND SPARS COMMERCIAL AIRCRAn AND MISSILES 


Write for complete Clemco folder to 

£l£MCa 

A£M PRODUCTS, /NC. 

21 0 E. Manville St., Campion, Califernio 
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t^lAJL Q/0~l}^ DIVISION 

THE ELECTRIC AUTO-LITE COMPANY 


No matter what the job, every Auto-Lite engineer has his 
eye on the future. The engineer shown here is examining 
a new insulation as it is being applied to a wire by an 
extruding machine in the Auto-Lite Wire Laboratory at 
Port Hui'on, Michigan. This new wire insulation will bring 
Auto-Lite a step closer to meeting extremely high Mach 
number requirements that demand superthermantic equi- 
librium temperatures. 


Hundreds of different wire insulation materials are being 
tested here by the finest trained personnel using the most 
modem research techniques and equipment. Out of these 
tests comes a wealth of knowledge important to all 


need— whether it be high temperature 
aircraft wire or cable, magnet wire or wire for electronic 
and electrical applications— why not tell us your insula- 
tion problem and let us help you. 



AVIATION 



Public Views F-105s, 
Republic's Facilities 

Some 135,000 persons thtongccl Re- 
public Aviation Corp.'s l''atmingdalc, 
N, Y., plant during rceent two-day 
"open hou.se" which provided public 
with thorough view of eompanv’s re- 
search and production facilities. 

More than 150 exhibits covered all 
phases of h'-103B prodiietion, SD-3 
drone and missile products and numer- 
ous design projects. A high point was 
dedication of Republic’s Sl-2 million 
Mach 4 wind tunnel. It was company's 
first open house since 1952, 
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Hoffman Electronics ff 


FOR INERTIAL NAVIGATION | 
AND GUIDANCE SYSTEMS 

Electro-Mechanical Equipments— 
such as the *i> T orce's ASN-6 
Automatic Dead ReckOBieg hbvigation 
comp utaii na w in production 
at Hoffman— inclarie gyroaco^n. 
inertial eavigation systems 
and components, servomechanisms, 
tire control systems, and guided 
missile controls. These are 
•xamples of the special Hoffman 
skills and electro-machanical 
capabilities which can help 
solve your design problems, 


t • Semlconductw A>pli»|ton; • tfwtn Mwhiiiieil Equipment 


I «lu-ar«tl<iil, ea(lMirkit- 



Dtscoplane glider, shauii in fliglit. 


Process lui.s been under clciclopiucnl 
at Pratt & \Miitncy for more Ilian t«o 

Original purpose of the project »-as 
to dei'clop a faster brazing method 
with results equal to tlic hydrogen re- 
tort method- 

Presenth' operating at the company's 
East Hartford, Conn., plant is the first 
of nine planned induction brazing units. 
Single unit cannot handle entire pro- 
duction for tlic J57 prograni allhough 
it is used on some J75 fuel manifolds. 
I'ccling at Pratt & Whitney is that the 
jiotcntial induction brazing in engine 
iiianufacturing is only beginning to be 
realized. 


Aluminum Container 
Handles Airfreight 

Collaboration between American Air- 
lines and Gruininan Aircraft EnginctT- 
ing Corjj. resulted in deielopmcnt of 
an aluminum container for handling air- 
freight. Known as the Paul Buiiyan 
Box, it has a full-length hinged door 
wliich can be locked and is weather- 
proof. Box, measuring 8-1 in. long, 42 
in. deep and 62 in. high, is mounted on 
eight caster wheels for case of handling. 

.American says box will provide sub- 
stantial savings to shippns bv minimiz- 
ing cargo handling. 


MAJOR INTERNATIONAL CARRIERS SELECT 



FOR JET-AGE LONG RANGE NAVIGATION 


Reds Use Diseoplane 
For VTOL Research 

Moscow-Russia has authorized fur- 
llicr research on its circular-wing Disco- 
plane glider in an effort to dc'clop 
lictter designs for VTOL and STOL 

Nctv plans call for installing a liglit , 
jet engine in an improved Discoplane 
to permit takeoff and climb to an alti- ; 
tuefe of 6.560-9,840 ft. 

Built by M. V. Suklianos-, tlic present | 
version of the Discoplane glider has a , 
circular wing only 21,5 ft. in diameter. I 
llic single-scat craft is controlled bv , 
conventional ailerons and rudder, plus 
.1 5[>cdally-dcsigncd stabilizer and "side I 
flaps" wliicli arc deflected downward to j 
prevent penduium-like swinging when I 
the glider is towed. ' 

Sukhanov savs the Discoplane lias | 
jiroved axtremely maneuverable and i 
stable at all flight regimes and is "prac- I 
tically spin-proof." The Russians sav ' 
thev' began research on circular-wing ' 
aircraft in 1910. 

Induotion Brazing 
Joins J57 Manifold 

Induction heating equipment is used i 
to braze stainless steel to copjicr in 1 
fabricating fuel manifolds for the Pratt ^ 
iS.' ^\'hitncy J57 engine. Automatic OO 
min, process is said to give results supe- 
rior to the 53 hr. Iivdrogcii retort braz- 
ing method it is replacing. More precise ' 
control of tcinpciature and time in the 
brazing process produce results de- 
scnljed by tlic companv as mctallurgi- ' 
cjlly superior. 

Heat requited to melt the copper 
and join the stainless steel sections is 
provided bv four water-cooled induction 
coils- 

With the unit it is passible to 
beat only one section of the manifold 
to make repairs, rather than heat the 
entire assembiv as was necessarv with 
ihe hydrogen retort furnace. L 



LORAN has long been recognized as the re- 
liable. highly accurate system of long range 
navigation. LORAN is already implemented 
a nd in service over North Atlantic and Pacific 
air routes, with immediate expansion planned 
to cover other important areas, too, 

Now, LORAN becomes ao even more prac- 
tical navigation system, with the develop- 
ment by Edo of a simplified, lightweight, 
pihl-optraled unit- This compact equipment, 
weighing only 26 pounds installed, can be 
mounted in the cockpit. From it the pilot ob- 
tains directly read linc-of-position informa- 
tion, without having to consult tables or 
make complicated calculations. 

Thoroughly tested in trans-oceanie opera- 
tion, Edo LORAN has been ordered by Pan 
American World Airways, BOAC, Qanias 
and Cubana for installation in their upcom- 
ing fleets of Boeing and Douglas Jet aircraft. 
Many other international carriers have also 
indicated their intention to use LORAN to 
assure precise, reliable,long range navigation. 
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Titan Guidance Reliable, Accurate 


By Pliilip J. Klass 

Garden City. N, Y.— Reliability and 
accuracy demonstrated by inertial guid- 
ance srstcni components developed for 
Titan iiitcreontincntal Iwllistic missile 
in supersonic rocket sled tests to date 
base prompted USAb' to study its pos- 
sible use in some Atlas ICBNls. 

Tills «MS revealed bs Maj. Gen. Ber- 
nard Sclirievet. commander of Ait 
I'citcc Ballistic Missile Oivisiou. Ait 
Research and De'clopment Command, 
during his recent \ isit to ,\rma Division 
(T American Bosch Anna Corp. svhich 
clnelopod Titan's inertial guidance 
system. 

Although .Yniia’.s system has not 
set flown a ballistic iiii.ssilc, it has not 
suffered a single component failure dur- 
ing repeated rides on a Nasal Ord- 
nance lest Station supersonic sled, 
according to E. A. Goetz, Anna's chief 
engineer. Onlv defectise component, 
a transistor, ss-as discoscred during pre- 
launch tests and replaced, Goetz said. 

This is a remarkable record for a 
system consisting of an estimated -10. • 
000 indisidua! components aiitl pirt.s. 
Its digital computer alone uses approxi- 
mately 1,000 transistors, 12,000 diodes 
and has nciirls 60,000 soldered joints, 
eacli a potential souicc of failure. 

Accuraev of the Titan inertial guid- 
ance svill exceed Amia's ininiinum con- 
tractual requirement and is expected 
to meet the optimistic target cibjectise, 
based on rocket sled test rc-sults to date. 

N\’eiglvt Ilf present system reportedly 


is under 500 lb. 'I his makes it about 
one-third lighter than the inertial sys- 
tem used in the Thor intermediate 
range ballistic missile (AW Dec. 50, 
p. ?S). despite more stringent accuracy 
required for an ICBM with its greater 
range. (Crash nature of the Thor 
|)rngtain dictated the use of proven 
canipoiients and tecimiques ssitfi con- 
senative .safety m.irgins, which at least 
parhaliy c-xplams its hcasier wciglit. 
AC Spark Plug. I hor guidance con- 
tractor, repoftedh has a lighter weight 
system un^et design.) 

New digital computet and gvro sta- 
bilized platform which -Anna has de- 
signed should slash present Titan sys- 
tem weight by close to 50'-i- 
Technical Details 

Heart of the Titan inertial system is 
a thrcc-gimbal stabilized platform whose 
innermost giinbal carries two gt tos and 
three acccleromctcrs- 

Both gyros are two-degree-of-freedom 
units, in contrast to the thre-e single- 
axis integrating gnos emploved in the 
ITior guidance system. Goetz concedes 
tiiat each configuration has its advan- 
tages and disadvantages. 

Like the integrating gyro, .Arma’s 
unit employs liquid flotabon of the gyto 
element. Liquid density, howeset. is 
more closclv controlled so that gyro 
element weight is fully supported by 
liquid buoyancy. I'iiis ciiable-s Anna to 
eliminate conventional gyro gimbal 
bearings and to suspend gyro clement 
from tliin wires. 


tilted (corresponding to a change in mis- 
sile attitude), these suspension wires 
twist slightly to permit the gyro mass 
to hold fixed position in space- This dii- 
placement generates a signal in gyro 
l>ick-off wliicit is applied to the motor 
Ilf the corresponding stable platform 
gimbal. driving it (and gyro ease) in a 
ditcction and tirrough an equivalent 
iingle to return the gyro case to its 
original position, untwisting the sus- 
pension wires. 

.Adr.mtagc of this type gyro element 
suspension is that it substitutes ii known 
spring constant for an unknown, unpre- 
dictable friction of conventional gsro 
bearings, .icairding to Amia's Dr. Bcr- 
mirtl l.ilmiui. 



ACCELEROMETER is icbtively siniple. low- 
cost dcs-icc; may cin|iloy vibrating rccd. 
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Company releases no figures on the 
accuracy of present Tit.in gyros. Three 
years ago. fiowever, before Arma re- 
ceived a Titan guidance contract, it pub- 
licly quoted drift rates of 0.1 ilcg./ht. 
for wire-suspended gyros. It is not un- 
reasonable to assume that the company 
h.is achieved a significant improvement 
since that time. 

Relatively short time of guided flight 
of a ballistic missile considcrablv cases 
the required gyro accuracies, compared 
to inertial systems for aircraft and 
winged missiles with imilH-hour flight 

However, the inability to use stellar 
Doppler radar references in a ballistic 
missile, as can be done in an aircraft 
01 winged missile to peiiodically correct 
for instrumentation errors in the accel- 
eroinctcrs, greatly increases the accuracy 
rcquireinciits for ballistic missile accel- 
eration sensors. 



TITAN gyto, two-degree-of-freedom device, 
is fuUy-ftoatcd, uses wire suspension. 


One of the most significant techno- 
logical advances in the Anna guidance 
system is the "radically different" ap- 
proach used to measure acceleration, 
according to Goetz. He declined to go 
into design details except to say that 
it is more accurate, less complex and 
much less costly to manufacture than 
the pendulous gyro type of accelerome- 
ter used in many other inertial svstems. 
Another important advantage is that 
accelerometer's output can be u.sed 
directly by the digital computet with- 
out anaing-to-digital conversion. 

Arma Unit 

This suggests tiuit the .Anna unit 
may be using a vibrating reed hpe de- 
vice whose resonant fr^uency cnangc-s 
directly with the applied acceleration. 
This is one of several possible ap- 
proaches to accelerometer design de- 
scribed by Anna's Dt- Litm.in several 



PRINTED drciiif boards ate handled with 
gloves, placed in plastic bags to keep clean. 


years ago in a talk delivered before an 
Institute of Radio Engineers group in 
New York. At that time Litman 
jiointed out that with a vibrating teed 
accelerometer it is only necessary to 
count the total number of cycles lost ot 
gained over a fi-xed time interval in 
order to obtain tlic integral of accclcia- 
tion. Digital computet would be suit- 
able for making such a count. 

Titan guidance system employs a 
completely transistoiized digital com- 
puter for calculating missile position, 
velocity and trajectory, unlike the Thor 
system which uses analog computcr. 
.Arma's computer is designed more for 
reliability than for speed, although it 
is hardly a laggard since it must com- 
pute in real time. Macliinc can per- 
form more tlian 6,000 additions of two 
18-digit numbers per second. 

Cliange of T'itan target can be speed- 
ily accomplished by substituting a new 



WEIGHT4AVINS niagDcsium frame for 
Tihm computer, bmit from extrusions. 
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lOOK TO CPPC FOP SYHCHRO PROGRESS 


trajccton program tra\' in the digital 
ermipiitcr. Circirit redundanev is em- 
plort'd for critical computer functions 
to provide inaxiimmi reliabilitv, accord- 
ing to James Maguire of Anna's Titan 
computer group. Ilnise portions of the 
computer whose output plavs a major 
role in determining a solution to the 
guidance problem arc provided in dup- 
licate, while those which merely pro- 
vide solution refinements are not. 

Current production ntodel of the 
computer occupies a volume of about 
8 cu, ft., but nav miniaturized con- 
struction technique for plug-in cir- 
cuitrv is expected to cut this figure to 
less than 3 cu. ft. .\rma tcccntly re- 
ceived an achievement award from Nlin- 
iature Precision Bearings. Inc., in its 
.mmial Miniaturization Award Com- 
|wtition, for the new computer plug- 
in package design which is about one- 
fourth the volume of the equivalent 
circuit in the earlier model. 

-Arma currently is beginning to in- 
vestigate printed, deposited component 
tecliniques wbich may permit a tiirtber 
10-fold size reduction. This would 
.slash volume of the Titan computer to 
roughly 0.3 cu. ft. and weight to less 
than 20 Ib. 

Despitc high temperatures encoun- 
tered at ICBM speeds, Arma presently 
is u.sing germanium transistors without 
in-flight cooling, relying upon thermal 
inertia to keep transistors and other 
components at safe temperatures for the 
duration of the guided portion of flight. 
In new nrodcis, however. Anna plans to 
.switch to silicon transistors, according 
to Maguire. 

Effort 

Impressive reliability record to date 
of Anna's inertial guidance results from 
a v-dst effort wliicli perme-ates through- 
out engineering and manufacturing 
groups involved on the Titan program. 

Engineering qualification and life 
testing to select reliable components 
and vendors is fairly commonplace in 
the avionics industry today, but Arma 
goes beyond normal accepted pro- 
cedures. For example, in order to 
select a single type transistor vendor, 
Arma will buy 500 units from each of 
perhaps six manufacturers. 

Of this number, -100 from each source 
will be simultaneously placed on life 
test. Remaining 100 units from cacli 
vendor will be subjected to what Anna 
calls strength tests where the seveiitv' 
of the environment is increased inten- 
tionally beyond the device's specified 
operating conditions in order to deter- 
mine which units will be first to fail 
and tlie mrxlc in which failure occurs. 

When Anna has selected one of the 
six vendors, based on life test results, 
its engineers also know the component's 
most vulnerable mode of failure and 
cun take this into account in circuit 
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New Aeroproduots Autuator 


cracks design 
barrier..... 

now makes possible 
dependable operation of thrust 
spoilers and thrust reversers 


THE aircraft industry— the military— the airlines— all 
have long sought the answer to rapid, dependable 
operation of thrust spoilers and thrust reversers for mili- 
tary and commercial jet aircraft. 

Now— at last— here it is. 


It's the flight-proved Aeroproducts high-temperature linear 
hydraulic actuator- Flying today in supersonic aircraft, this 
patented Aeroproducts actuator has proved its rugged 
dependability in severe tests at ambient temperatures up 
to 1000°F. 

Now in production, Aeroproducts high-temperature actuators 
are available for your own evaluation on the engine-thrust spoiler 
— thrust-reverser combination of your choice. Aeroproducts engi- 
neers are ready to assist you today with the solution of your 
actuator design and application problems on aircraft, engines and 
missiles. 

For your personal copy of the brochure “Aeroproducts High-Tem- 
perature Actuators,” write; Aeroproducts. Box 1047, Dayton 1, Ohio. 



Thrat exclusiva dasign features enable 
Aeroproducts actuators to accomplish what no other 
linear hydraulic actuators have yet achieved: 


"Suxidim^ fto ^ Ti 


Aeroproducts 


2. Patented synchronization system permits multipoint instal- 
lation-smooth. even application of power. Distribution of 
load over entire circumference eliminates heavy mounting 


3. Patented self-locking feature 
or spoiler in flxed position on 
power failure. 


lutomatically holds n 


ALLISON OIVIS 


elcsigii. I'or example, if a transistor is 
most likely to fnil as result of loss of 
gain, feedback will be employed in the 
circuit to minimize the effect of such 
loss on O'cr-all circuit [rcrfotmance. 

Everx' circuit in Titan’s digital com- 
jiuter is subjected to an extensile mar- 
ginal-perforinancc nnnli’sis to be sure it 
will perform sitisfactorily dcs|)itc sig- 
nificant changes in tlic value of one or 

Bv test and analysis .\rma engineers 
measure the effect on circuit perform- 
ance of a cliangc of 20% in supplv 
loltage. a 20% change in value of each 
cipacitor. a 15% change in value of 
each resistor and a 60% loss of current 
gain (beta) in each transistor. As many 
as 600 marginal performance plots may 
l>e prepared for a single circuit, accord- 
ing to Maguire. 

Arnia engineers then seek to mocify 
circuit design so as to equalize, as much 
as possible, the effect of such variations 
ill value for eieiy component in the 

Hint is, they seek a citcuit de- 
sign in which a 20% variation in the 
lulue of anv capacitor will cause tlie 
same change in oicr-all circuit per- 
formance as a 1% change in the laluo 
of anv resistor or a 20% change in 
the lalue of any supply voltage. 


Production Testing 

In addition to 100% inspection of 
everv incoming vendor part and com- 
ponent intended for use in production 
svstems, .Arma subjects every comimn- 
ent to «hat it calls “processing tests." 
These consist of as many as several hun- 
dred hours of operation while being 
exposed to ait environment nliicli 
equals or exceeds in rigor the envirmi- 
mental conditions in which the coin- 



Gravity-Compensated 
FricHonless Bearing 





AVIATION WEEK, May 12, 1958 





(and we’ve never built a mouse trap in our lives) 


“Build a better mouse trap," the old 
laying goes, “and the world will beat 
a path to your door.” Wc’vc never 
built a mouse trap (although profes- 
sional pride svould never let us admit 
that wo couldn't build a better one), 
but the path to our door is getting 
pretty worn all the same. 

It all started back in 1946 when 
SVC first put Bendix Electrical Con- 
nectors on the market. We had built 
them during World War II for use 
in our own aircraft ignition systems- 

Thc response surprised even us. 
You in the industry bought all the 
ronnectoiT! we could ])ioduee— and 
you continued to do so throughout 
the ensuing years. As our output 
increased, so did our research and 
development program. The members 
of our engineering staff worked ccasr- 
Icssiy to ensure a continuing im- 
provement in performance and reli- 


ability. We made them waterproof, 
shock-proof, and, above all, we made 
them smaller and smaller without 
the slightest reduction in perform- 
ance standards. This, of rourse, is of 
vital importance to the aircraft, mis- 
sile and electronic industries. 

These advances in connector de- 
sign at Scintilla Division of Bendix 
Aviation Corporation have been rce- 
ogniacd by American industry. Ac- 
ceptance has, in fact, been so en- 
thusiastic that we are now engaged 
in the greatest plant expansion in our 
history. The new facilities will be 
dcsoled to the production of mon- 
and better electricai connectors. As 
your requirements increase, so will 
our production. 

It has been your wholchc.srted ae- 
ecptancc of Bendix Electricai Con- 
nectors that has made this new 
manufacturing facility possible. Wc 


Scintilla Division 


are grateful for that recognition of 
the quality of our jrroduct. You may 
be assuied that there will be no 
slackening of our efforts to continue 
to deseno that recognition, scintii.i.a 
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poiicnt nnist operate in the Titan. 

Only those components which get by 
this double Initdle arc used in produc- 
tion. If any tt-pc component subse- 
quently experiences a significantlv lie^ivy 
failure rate in factory tests of sub-assem- 
blies or in srstein tests, it is tetumed to 
.1 physie.ii design laboratory. Here it is 
dissected and examined under a micro- 
scope to detenninc the cause of failure. 
Sometimes the laboratory will duplicate 
the nranufacturing operations in order 
to discover the cause of the trouble. 
Gold Plated 

The lengths to which Anna goes in 
its search for tcliability is tvpified by 
its manufacture of printed ccmdiictor 
si:b-asscmblics. .Ml conductors and ter- 
minals arc gold plated to assure good 
electrical coirductit ity and to minimize 
adterse cmironmcntal effects like cor- 

Every component that goes into a 
printcd-conductor board snb-assembh- is 
first cleaned by ultrasonics, tlien placed 
in position by an operator wt-ariiig irv- 
loii glor es. Sub-assemblies are placed in 
indi'idua! transparent plastic cases for 
transportation from one mannfactLiniig 
t/peration to tlic next to preterit damage 

Hxapt for certain critical gyro and 
itccelcromctcr parts, the I'itan inertial 
components arc manufactured by con- 
\entional precision macliinc tools, .ac- 
cording to Goetz. 'Ihcit assembly, 
however, is the critical operation and 
this requires Considerable skill, great 
care, extensive training and close super- 
vision, he adds. 


Dust-free air-conditioned rooms arc 
used for gyro and accelerometer assein- 
blv. Temperature is held to within one 
degree and electronic test equipment 
is mounted fittsli with the w-all to pre- 
vent its heat from disturbing room tem- 
perature and to simplify room cleaning. 

Incoming air is so completely filtered 
that no mote than one-micron size dust 
jarticie will settle per square inclt over 
a 24-ht period, according to Stanley 
Seitz, Titan manufacturing project co- 
ordinator. Despite this, critical gvto 
parts ate assembled under hoods lliat 
aie pressurized at liighcr than room 

Gyros are tested on sidereal tables 


which rotate iiteeiscly at earth rotation 
rate to neutralize this source of motion. 
Sidereal tables arc mounted on huge 
slabs of concaetc buried deep in the 
giound and are isolated from the rest 
of the building. Pott in the roof, vvliicli 
c.in be opened as required, permits 
periodic sightings on Polaris (North 
Star) to check alignment of tables. 

Balancing a two-dcgtcc-of-frecdom 
floated gyro is a critical operation. Un- 
less gyrri elanent's center of giavity 
Cvincsponds to the position of its cen- 
ter of buoyancy witliin a few millionths 
of an incli for accelerations applied in 
any direction, the gyro will drift undet 
flight conditions. Early models of tlie 
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“Hydomat" cuts 27 pounds off 
Standard Aircraft Control System 



Hydraulic Research's System Eliminates 9 lbs. of Components Per Axis, 
Plus 10-50 lbs. of Plumbing and Structure Without Sacrifice of Function 

The Hydomat is a powered flight control servo system of the 
multiple input type designed for control of a tandem hydraulic 
cylinder. It will accept mechanical signals created by the pilot, 
as well as electrical control signals created by electronic am- 
plifiers. Mean.s are provided to remotely select the signal 
soiiive to obtain the following modes of operation : 

1. Manual: Mechanical signals operate the valve in the conven- 
tional power control manner. 

2. Autopilot; Electrical signals operate the valve as a conven- 
tional electro-hydraulic servo valve. 

3. Damper: Mechanical signals operate the valve as in the manual 
mode with superimposed electrical signals to provide damping 
for Improved airframe stability. 

For flight safety provision is made for full mechanical over- 
ride of the electrical signal. 


e currently in 


n missile c< 


/ ACTUATOR ^ 

Write for complete performance data. 


Hvdravlmc Research 

V^ORFA^ 

AXD RA\1:FACTI'BI.\G COMPAW 

2035 N. NaamI Sinai • Buibonk. Calif. ■ Vlctarlo 9-2227 
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Carrier Radar Modernized 

Lens antenna for "i-D" long range air scorch and tracking radar tops siiperstructnie of 
British canier HMS Victorious which recently completed seven year niodemiraHon job. 
Providing accurate target range, bearing and altitude dahj, radar was described by .\dmiial of 
the Fleet liarl Moimtbotteii, First Sea Lord, as having "almost fabulous petfomiancc." 


.^rma gyro tctiuired |):irfial dlsiisstni- 
bly after initial balance test to make 
;:djustments. but later inodel.s will per- 
mit external adjustments without disas- 
sembly. 

Anna currently uses a small centri- 
fuge to subject units up to 12 in. cube 
in size to lOOG accelerations. Uirget 
centrifuge capable of handling 50 in. 
cube sizes soon will be operalion.iL 
Although centrifuges are consenienl for 
subjecting components to high steady 
state accelerations, thev can give only a 
crude approximation of the actiial 
ICBM environment and do not permit 
tests of over-all inertial guidance svstem 
performance and aecuracy- 

Morc realistic approximation of 
ICBM operating conditions is obtain- 
able on the Nasal Ordnance Test Sta- 
tion supersonic rocket sled which also 
permits a check on 0 |)cn-loop opera- 
tion of the complete guidance system. 
Tire sled run along the -t.l mi. track 
lasts about 40 see., counting start and 


stop time. Telemetry is used to obtain 
data on such things as deformation of 
shiblc platform gimbals, gyro drift, ac- 
ctlcrometer output, as well as o\cr-a!l 
system perfonnance for the known tra- 
jectory over the earth. 

Mojor Arma Program 

T itan inertial guidance system is one 
of two major Air Force programs at 
Anna, tlie other being tlie radar-di- 
itcted tail defense system for the Boe- 
ing B-52. Of the approximatelv 800 
engineers and scient:sts emploved bv 
,^tma. over half are assigned to the 
Titan project wliich represents more 
tluui lialf of tire company's current S165 
niillion backlog. Company recently re- 
ceived a S140 million .'kir l''orce con- 
tract for its Tihin work, about S51 mil- 
lion of whicli corcred work already 
iiceomplishcd. 

Arma expects to be one of the bidders 
on a forthcoming Air Force competition 
to select an inertial guidance supplier 



LISLE 

- - .V 
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i CHIP 
DETECTORS 


Chips and smaller particles broken 





A positive check provides advance 
warning of possible Internal break- 
downs before in.flight failure. 
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Jot iie«’ solicl-ptopellaiiJ ballistic mis- 
sile program, the Miinitcnian. Al- 
though .^rma■s svork and accomplish- 
ments on the Titan gihchmcc would 
appear to make it one of the top con- 
tenders for the Mimiteman, comnanv 
officials sav thc\- expect plenty of lough 

Electronic Testing 
Group to be Formed 

Washington— Konnation of a 16 man 
Defense Department-industry group to 
imptose reiiahility of electronic com- 
ponents bv deteloping improved pro- 
cedures for specifying component re- 
liability and testing will Ire annonnecd 
sliortly. 

New ad hoc Croup on Electronic 
Parts &• Tubes is being established to 
work out details for implementing rec- 
ommendations made last summer by 
Task Group No. 5 to Adr isory Croup 
on Reliabilitv of Electronic Equipment 
(AGREE). !t is being sponsored by 
the offices of Assistant Secretary of 
Defense for Research & Engineering 
and Supplv Sr Logistics. 

The 16-man group, to be chair- 
manned b\’ an industrs reprcscntatis'c, 
will include three representatives from 
component manufacturers, three from 
equipment manufacturers, two repte- 
sentatir es from each of flic three mili- 
tary departments plus one each from 
tlic t«'o sponsoring offices and one from 
-Armed Services Electronic Standards 

Here ate some of the objectives tlic 
nc« ad hoc group will seek to ac- 
complish during the next six montlis: 
■ Establish critcrin and methods for 
5i>ecifiing component reliabiliti- in 
tenns of failure rate as function of 
time, emironment and circuit applica- 

• Determine changes necessary in cur- 
rent component specification practices 
to introduce these reliability criteria. 

• Develop reliabilitv assurance test pro- 
cedures that will verify that compon- 
ents meet specified standards. 

• Develop methods for preparing and 
distributing component reliability data 
in a form that will be useful to equip- 
ment design engineers. 

• Seek ways to minimize duplication 
of component qualification testing by 
military electronic equipment prodiic- 

I '"cTefyiTtf' I 

^ FILTER CENTER ^ 

► Shotgun Bedding— New transistor con- 
struction technique «hich mounts semi- 
conductor crystal on ceramic wafer 
"bed" instead of suspending it between 
Evn upright posts is expectw to grcatli' 
improve transistor ruggedness. Fixed- 


The only compressor made 
that will deliver 10 SCFM in a 275T 


ambient temperature environment 



554-39>h Avenue N.E. Minneapolis 21 , Minnesela 
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This General Controls motor-operated gate 
valve (IVi Inch line size) is undergoing 
Extreme Temperature Tests. In this Instance 
it was subjected to — 67° F for 
a period of 72 hours. 
While at —67* F, valve was then put 
through Calibration and Operating Tests. 
Results: Normal operation even though 
gale sheared through a solid column of ice 
during initial operating cycles.* 
Every product in the General Controls 
hl-g^ line, from gate valves to pressure 
switches, undergoes an exhaustive program 
of such tests prior to production release. 
Another reason why the hi•g7^ trademark 
is a recognized standard in 
aircraft controls. 
Call In the man from General Controls on 
your next aircraft controls requirement. 
You'll find his company's experience 
unequalled in the field. 


Ucd mouiimig technique, developed 
by General Electric under Air l''orce 
s^nsotsliip, protects iigiiin.st direct im- 
pact, vibration, and expansion-contrac- 
tion due to temperature extremes. Sam- 
ple units liave worked satisfactorily after 
having been fired from 12-gage shot- 
gun. GE says. Company uses new con- 
struction in its current injunction tran- 
sistors and plans to extend the fixed-bed 
mounting to other military-industrial 
types in near future. 

Expansions. Changes 
In Avionics Industry 

Hoffman Electronics Corp., Los .\n- 
seles. has acquired 50% interest in 
flumphtey. Inc., San Diego, whicli de- 
velops and produces gyroscopes, acccler- 
mneters and precision instruments. Un- 
der agreement, Hoffman gains tights to 
manufacture Humphrey products. 

Other recently announced changes 
«ind expansions in avionics field include: 

• Tetneo Aircraft Corp. has acquired 
controlling interest in Fenske, Ecdrick 
& Miller, Inc., Los .Angeles, through 
.stock exchange which gives Temco 
80% of the outstanding stock. New 
acquisition, which dcvcmps and pro- 
duces military plotting systems and test 
equipment and missile guidance compo- 
nents, will remain in present location 
and retain present officers. 

• Lenkurt Electric Co., San Carlos, 
Calif., has fonned separate division to 
liandle its increased military business. 
Ralpli R. Robertson is named general 
manager. 

• General Electric Co. Com)nitct Dc- 
(lartmcnt will begin construction in 
May of new 104.000 sq. ft. facility in 
Deer Valley Park, neat Phoenix. Ariz, 
Occupancy is slated for early 1959. 

• Sylvania Electric has formed new lab- 
oratory. fourth metuber of its W.iltham 
Laboratories, for research and develop- 
ment in field of electronic data process- 
ing. New laboratory ’s projects indnclc 
data processing for Air {•'otcc's nenv bal- 
listic missile early warning system 
(BMEW'S), as a subcontractor to RCA. 

• Kearfott Co., Little Palis, N. ).. has 
established newlv fonned Microwave 
Division in Van Nuys. Calif., at 14844 
Oxnard St- George 11. Singer is general 
manager. Company also announced that 
Canadian Applied Research Ltd., To- 
ronto. Canaaa, will act as its exclusive 
Canadian distributor. 

• Epsco, Inc., Boston manufacturer of 
instrumentation and data processing 
equipment, will merge with tlic Edin 
Co., Worcester, Mass., with latter op- 
erating as a division of Epsco. 

• Bumdy Corp., Norwalk, Conn., has 
opened warehousing and sales offices in 
Antwerp, Belgium, headed by Augustin 
Honefcaert, 


Electronic 
engineers 
for preliminary 
analysis 

Engineers and Scientists with a 
strong background in either system 
development or analysis, interested 
in graduating to consideration of the 
overall system. These will be airborne 
systems in either high Mach aircraft 
or missiles. 

Experience in data gathering tech- 
niques using sensors available today 
and tomorrow. Reconnaissance sys- 
tems, radar systems, system synthe- 
sis, effectsofvariousECM on weapon 
survival. | 

Analyzing the entire electronic sys- 
tem in the early preliminary config- 
uration state.your decisions will play 
an important part in the success of 
the weapon. i 

Degi'ee (several preferred) and sev- t 

eral yeare directly related experience 
necessary. If you meet these qualifi- 
cations and believe you are seriously 
interested . . . 

Write or call collect: 

Engineering Personnel 
North American Aviation, Inc. 

4300 East Fifth Avenue 
Columbus, Ohio 

Phone: BElmont 1-1851, arrange- 
ments made to accept calls between 
8 a.m. and midnight. 

THE COLUMBUS DIVISION OF 

NORTH AMERICAN AVIATION, INC. ^ I 
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H] MICRO SWITCH Precision 


Six Precision Switches 


NEW V-3-1301 
High Temperature Switch 
For use in jet engine and missile con- 
trols, this compact precision type “VS” 
switch performs reliably in temperatures 
up to -|-600'’F.forammimumof25,000 
operations. Rated at 10 amperes induc- 
tive load at 30 volts d.c. up to 600° F. 
Data Sheet No. 140 contains electrical 
and mechanical characteristics and other 
details. Send for it. 


NEW High-Temperature 
Hermetically Sealed “HR” 

Series Limit Switches 
These are hermetically sealed high tem- 
perature switches. Their two SPDT 
basic switching units are housed in 
metal-to-metal and glass-to-metal en- 
closures which meet the sp>ecifications 
in par. 5.2.2 of M1L-E5272A. Special 
materiaia and design insure dependable 
operation in temperatures from — 65“ to 
-t-600 F. Extremely compact and sim- 
ple bushing mounting are other fea- 
tures. The “22HR” series has a heavy 
duty roller plunger actuator which can 
be adjusted to eight different positions. 
The“12HR” series hasastraight plunger 
actuator. Electrical and mechanical 
characteristics and other details are 
covered fully in Data Sheet No. 122. 
Send for it. 


Rocker Actuated "TPI" Series 
The “TP” series is a new concept in 
panel switching and in styling. They 
combine rocker type actuation, flush 
mounting, and edge lighted indication. 
The “TPI” series features the same ad- 
vantages of case design and construc- 
tion as does the “TL” series. 78 varia- 
tions are available in the “TPI” series. 
For complete information on electrical 
and mechanical characteristics and other 
details, ask for Data Sheet No. 141. 
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Switches have uses unlimited H 


for Aircraft and Missiles 


Electrically Held “SET” Series 
Shown is one of the family of sealed, momentary 
action toggle switches which may be electrically 
maintained by means of a built-in solenoid. With the 
toggle manually operated and the solenoid energized, 
the switch will remain actuated until electrically re- 
leased. The toggle may be manually overriden even 
though being held electrically. The switch is of ex- 
tremely small size and is sealed (MIL-E-6272A, pro- 
cedure 1). SPDT basic switching unit and 28 vdc 
solenoid are contained in a one-inch metal enclosure. 
Supplied with leads, screw terminsls or solder termi- 
nals. This series is fully described as to details, elec- 
trical and mechanical characteristics in Data Sheet 
No. 121. Request it. 

Lever-Lock "TL” Series 

The “TL” Series Pull-to-unlock Toggle Switches are 
available in over 400 variations. Illustrated is a four- 
pole switch with three position lever lock. Other 
switches in this series are obtainable with one and 
two locking positions on the toggle lever. This locking 
device is an integral part of the switch assembly. It 
cannot become separated from the balance of the 
switch. It cannot loosen or fall off. Switches of one. 
two or four-pole construction and in a variety of 
circuitry arrangements are available in this series. All 
are sealed preventing entrance of moisture and dirt. 
Data Sheet No. 142 contains all details as to electrical 
and mechanical characteristics. 


These switches, designed and 
built for aircraft and missile ap- 
plication, possess a high degree 
of reliability, even under the 
* adverse conditions of altitude, 

humidity, radiation, fungi and 
! extremes of temperature that 

i take their toll of inferior switches 

—whether in enclosed or 
exposed locations. 

MICRO SWITCH precision switches 
are as reliable in performance 
— regardless of locale or service 
— as human ingenuity, together 
with unexceUed engineering and 
production, quality control and 
testing equipment and tech- 
niques can make them. 

It is this care and diligence 
which has made micro switch 
"First in Precision Switching” 
for twenty years. 


MICRO SWITCH, FREEPORT, ILL. 
/rt Canada: Leaside, Toronto 17, Ont. 
A division of Honeywell 


Rotary-Actuated "EN” Series 
The “EN” series of switches has been proven in over 
3 years of use in missiles, military and commercial 
aircraft. A completely sealed enclosure permits use 
in any environment. One member of the “41EN” 
series (illustrated) has a linkage type rotary actuator, 
adjustable thru 360“, It is available in a variety of 
circuits. Send for Catalog 77. 


The two-word name micro switch is 
NOT a generic term. It is the name of 
a division of Honeywell. 


^ Honeywell 

MICRO SWITCH PRECISION SWITCHES 
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SERVING N.A.C.A.’S NEW 
VARIABLE MACH BLOWDOWN 
WIND TUNNEL AT LANGLEV FIELD 


installation 


12 tanks, each 63 ft high by 11 ft dia, storing air 
at 600 psia at Langley Aeronautical Laboratory 


PDM’s important share in the progress 
of aviation research and test facilities 
development is exemplified by these 
pressure vessels for N.A.C.A.’s 20-ineh 
Variable Mach Facility at Langley Field. 
If made of standard boiler steel, the tank 
walls would have had to be extremely 
thick to contain the required pressure. 
With ground area precisdy limited, our 


previous T-1 experience suggested the 
use of this high-strength alloy. Our own 
tests of workability and weldability con- 
firmed the plan, and PDM was awarded 
the contract at a very substantial saving 
to N.A.C.A. The tanks were completely 
fabricated, assembled, welded and tested 
as units in our shops. • Let us consult 
on your special needs, 


Fittsburgh-Des Moines Steel Company 

PiBnts at PITTSBURGH, D6S MOINES. SANTA CLARA. PBESNO, end CADIZ, SPAIN 


PITTSBURGH (25) 3474 Neville Islend OES MOINES (8) 975 TutUe Street 

NEWARK (2) 1753 Military Park Bids. DALLAS (1) 1279 Praetorian Bids. 

CHICAGO (3)., 678 First National Bank Bldg. SEATTLE (1) Suite 3S2, SCO Wall St. 

EL MONTE, CAL. P. 0. Box 2012 SANTA CLARA, CAL 681 Alviso Road 

ATLANTA (S)..361 E. Paces Ferry Rd„ N.E.. DENVER (2) 323 Reilwey Exchange Bldg, 
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WHAT'S NEW 


Reports Available: 

The following reports were sponsored 
by the Office of Technical Services. 
United States Department of Com. 
mcrce, Washiogtoii 25, D. C.: 

Cargo Handling in Hclicoptcrs-by C. 
Henderson, \V. G. Ireson, R. K. 
Mitchell and P. P. Tilton. Stanford 
Research Institute, for W'tight .Air De- 
velopment Center, U. S. .Ait Force. 
March, 1957. S4.50; 179pp.; (PB 
B1195). 

Investigation of Materials Fatigue 
Ptobleins-by H. N. Cummings, F, B. 
Stulcn and W, C. Schulte, Curtiss- 
Wright Cotp.. for Wright Ait Develop- 
ment Center, U. S. Air Force, March, 
1957, $5.50; 221pp.; (PB B1288). 

—Fatigue Investigation on High Strength 
Steel-by J. K. Childs and M. M. 
Lemeo, Southwest Research Institute, 
tor Wright -Ait Dciclopnicnt Center, 
U.S. .Air Fucce. July, 1957. $1.25; 
-14pp.; (PB 131371) 

Thermal Stresses and Thctnial Buck- 
ling— bv J. Singer. M. Anlikct and S. 
Lcderman, Polytechnic Institute of 
Brooklyn, for 3Vright .Air Development 
Center, U.S, Ait Force. April, 1957- 
S3.00; 120pp.; (PB 131072), 

■Anab tical and Exjwriniental Investiga- 
tion of Stress Distributions in Long 
Flat Plates Subjected to Longitudinal 
Loads and Transverse Tcni]>ctatiite 
Gradients- by C. H. Sprague and P. C. 
1 luang. 'ITie Martin Co., for Wright Ait 
Development Center. U.S. .Air Force. 
Septeniber, 1936. S4.00; 156pp.; (PB 
121680). 

Techniques for Application of Electron 
'Pubes in Military Eqnipinent-by R. S. 
3Vhitlock, W'tight .Air Dcscicipment 
Center, U. S. Ait Force. $7.0(3; 558 
pp.; (PB 111644R-2). 

'Hie Effect of Nitrogen and Vacimm 
Degassing on the Properties of a Cast 
Aluniinum-Silicon-Magncsium Alloy 

(Type 356).— by R. K. Owens, 11. W. 
•Antes and R. E. Edclman, Frankfort 
.Arsenal, U. S. Annv Ordnance Corps. 
$.75; 24 pp.; (PB 131351). 

Hydrostatic Pressing of Alumina Ra- 
domes~by W. D. Anderson, Gladding, 
McBcan & Co. for W'right Ait Devel- 
opment Center. U. S, Air Force. $.75; 
21 pp,; (PB 131565). 

Tlie Hypersonic Facility of the Poly- 
technic Institute of Brooklyn and Its 
Application to Problems of Hypersonic 



Ten— Pound Gun 
Four-Ton Pull 


You Get 
MORE POWER— Less Weight 
with the New 


CHERRY G-85 Lockbolt Gun 


The new Cherry G-85 lockbolt gun 
is designed to give you maximum 
pulling power with less weight. Its 
simplifi^ rugged construction as- 
sures low maintenance coats. The 
gun weighs only 10,5 pounds, which 
reduces operator fatigue. 

No special air supply is required 
with this lightweight gun, because 
it develops this high capacity at 
normal line pressure. 

As the leader in the field of special 
aircraft fasteners. Cherry Research 


and Development department has 
produced this new lightweight, 
high capacity gun to increase the 
efficiency of installing lockbolts.* 
The G-85 gun may be adapted for 
setting stainless steel, monel, alu- 
minum and carbon steel Cherry 
blind rivets. 

For information on the new 
Cherry G-85 gun write Townsend 
Company, Cherry Rivet Division, 
Post Office Box2157-N, Santa 
Ana, California. 


CHERRY RIVET DIVISION 
Townsend Company 
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Lycoming 

For Gas Turbine 

Development. . . 
Production . . . 
Experience ! 

You can count on reliable performance from Lycoming’s family of gas 
turbine engines . . . actual flight and field operations prove it! Lycoming’s 
extensive test and production facilities produce high-performance turbines 
with built-in features no other manufacturer can match! 


BUILT FOR RELIABILITY! Applications of Lycoming turbine 
power prove it! To date, Lycoming powers eight different 
aircraft. And, in 1000 hours’ flight and field experience, 
not one engine has been returned for overhaul with less 
than specified operating time accrued! 

BUILT FOR RUGGED DUTY! Elimination of fragile, intricate 


turbines ... no matter how strenuous the operating con- 
ditions, no matter how tough the job! 


BUILT FOR EASY MAINTENANCE! Lycoming’s concept 
of simplified design results in turbine power tailor-made 
for easy maintenance. Every major engine component can 
be inspected or replaced in the field . . . quickly, easily. 
Aircraft maintenance is also simplified by the easy-to- 
install T53. In a recent demonstration, the T53 in an air- 
craft was removed and a new one installed— ready to fly 
—in just 17 minutes! 



FOR FURTHER INFORMATION about Lycoming’s turbln* capabilities, write to: 

Gas Turbine Department, Lycoming Division, Avco Manufacturing Corporation, Stratford, Conn. 



Lycoming's 825 shp T53 has more applications than any other power 
plant of its type ... already PROVEN IN THE FIELD! 







Lycoming 


I I Stratford. Conn 



outstanding opportunities in 

AERODYNAMICS 


Kliglit— by A. I'lTri iind A. A. Libby, 
Polyfochnic Instilutt of Btooklvn for 
Wriglit Air Der’clopmcnt Center, 
U. S. Air Porcc. SI-50; 56 pp.; (PB 
I5I56G). 


and 

THERMODYNAMICS 

In support of Advanced Design 


Use of a Free Molecule Probe in Higli 
Si>ccd Rarefied Gas Flow Studies— b\ 
J, A. Laiirmanii and D. C. Ipsen, Uni- 
(Crsitr of California at Bcrkelev for 
Wright Air Development Center, 
U. S. Air Force. $1,25; 47 pp.; (PB 
131571). 


EAeineering researcii teams at Northrop today are exploring the laws and forces of 
the Universe which will guide our interplanetary paths tomorrow. Projects concerning 
advanced design missiles, space platforms, and similar complex tasks now under way 
reach far into the future and exceed the capabilities of engineers with average experi- 
ence. Engineering specialists and senior engineers of superior abilities and dedicated 
vision are finding unmatched challenges at Northrop. A limited number of additional 
positions of highest responsibility requiring advanced degrees or demonstrated capa- 
bilities are available in the following fields: 

Engineering specialists with advanced propulsion systems experience are required to set up study 
programs directing the ellorts d other engiheers. These men should be familiar wilh automatic 
computihg techniques, and the problems inherent in integrating propulsion systems with overall 
vehicle objectives. 

Senior engineers with majors in propulsipn or physics aie leouiied, prelerably with at leasi five 
years of experience in the aircraft or missile field. Positions call for direction pi project ellocl in 
research investigations and Advanced Design proposals, setting up prolecls, making analyses of 
propulsion problems ol lest data, and directing the efforts of others. 

INTERNAL AERODYNAMICS 

Senior aeronautical engineers are required in this area to perform advanced inlet system design 
and perlormance analyses in support of Noithrop's advanced design effort. These men will be 
responsible for preliminary research invesligatlon ol data, determination of design ciilerla. and 
analytical methods In internal aerodynamics and propulsipn perlpimance. They will define the 
geomeliy and performance of advanced induction systems for air-breathing engines and develop 
the requiremenU lor induction systems conliol. Experience in Internal aerodynamics is essentiel; 
experience in testing techniques Is exliemely desirable. 

AEROTHERMODVNAMICS 

Challenging positions aie open lor perloimmg advanced analyses in boundary layer, heat transfer, 
mass transfer, jet etiects and hypersonic real gas flow fields These men will provide technical 
direction in Ihe field of aerolhermodynamics for advanced design and development projects, 
including analytical and eiperimenlal program lesponsibilily. They will also develop ciilerla for 
the evaluation ol aerothermodynamic design aspects of extreme high speed flight. 

FLUID DYNAMICS RESEARCH 

Senior engineers and engineering specialists aie needed to conduct eppiied research proiects 
throughout the broad field of fluid dynamics. Involved ere projects in the study of unsteady aero- 
dynamics, hypersonic tlow tield, aerothermoelaslioly, seoaraled tlow fields, laminar and turbulent 
boundary layers and dynamic slabilily. fieseaich is also directed toward esiablishmentot advanced 
testing techniques and the utilization of IBM 704 high-speed computers for Ihe solution of technical 
problems. 


aeioelaslicfty and maneuverability to^define flying qualities. Assignments Include establishmeni 
ol conliguration geometry which will optimize flying qualities commensurate wilh design require- 



who even now are well recognized in Iheir fields. The environment and facilities at Northrop are 
among the finest in the Industry, and are conducive to the type of engineering research leading to 
rapid technical end professional growth. 

Confidential conferences will be arranged al your convenience, hlease telephone, wtre or write to 
Mr. A. A. Aithen. Manager, Engineering and Soentitic Personnel Administration. 



' 

NORTHROP 

A DIVISION OF NORTHROP AIRCRAFT. INC. 

10A2 EAST BROAOWAV • HAWTHORNE, CALIFORNtA 


Telling the Market 

End uses of smalt dianictei stainless 
steel, nickel and nickel alloy tubing, 
brochure, J. Bishop & Co., Platinum 
■W'orks. Mal^^Tn, Pa. . . . Description 
of high-tcinpcraturc, high-performance 
Equa-Therm oven. Bulletin No. 2299. 
American Instrument Co., Inc., 8030 
Georgia Ave., Siher Spring. Md. . . . 
Brochure introducing the products and 
facilities of the Boston Insulated Wire 
& Cable Co- 65 Bay St., Boston 25. 
Mass. 

Adr antages, methods of application, 
and selection chart of protective and 
prepaint coating chemicals for alum- 
inum, Bnllctin 1424-A, American 
Chemical Paint Co.. Ambler 1, Pa. . . . 
niustratcd engineering data sheet. No. 
21, describes Nicrobiaz 150 high- 
temperature brazing alloy. Stainless 
Processing Dirision, Wall Colinonov 
Corp- 19345 lohn R St., Detroit 3'. 
Mich. . , . Descriptive infonnation and 
operating specifications for Turbo wire 
and cable, brochure. W'illiam Brand &’ 
Co- Inc- Willimantic. Conn. 

Illustrated description of arc welding 
cable connections and accessories, No. 
1! Twccolog catalog, Tweco Products, 

Inc- P. O. Box 666, W'ichita ,Kan 

Two technical bulletins contain com- 
plete engineering spccificatir>ns and 
ijiialification test data for QAF quick- 
action stressed panel fastener designed 
foi use on structural load-carrying panels 
in aircraft, guided missiles, etc., Special 
Products Division, \3'aldes Kohinoor. 
Inc., 47-16 Anstcl Place, Long Island 
City 1. N. Y. 

llic Use of Silicon fimction Diodes 
to Protect Sensitive Current Devices, 
semiconductor application bulletin 
\'<il. 1— No. 1, Hoffman Electronics 
Corp., Srinicondiictnr Division, 930 
Pitner Avc- Evanston, III. . . . Bulletin 
on tooling plastics, desaibing the use 
of epoxv resins, Furanc Plastics. Inc- 
4516 Brazil St-, Los .Angeles 39. Calif. 
. . . Oeveription of the complete line of 
Model II, Scries high pressure trans- 
ducers, Technical Bulletin SI-581. 
Senonic Instruments, Inc., 640 
Terminal Wav. Costa Mesa, Calif. 
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BUSINESS FLYilNG 


Aviation ff'eek Pilot Report 


Ag-Cat Designed as Maneuverable Duster 


By Robert I. Stanfield 


Calverton, N. Y.-Ctumman’s rugged 
Ag-Cat is a higlily niancuvciable single- 

S lace agricultural biplane geared to slow 
ight and quick turn-arounds at low 
altitudes. 

Crop duster and sprayer is designed 
to take powerplants in the 200-300 lip. 
class, bnver’s choice. Prototypes are 
powered bv Continental V\'-670 radial 
engine of 220 hp- (AW Nov. 25, p. 
52). 

Performance factors evidenced dur- 
ing flight evaluation by Aviation 
W'eek include: 

• Slovv-flight characterislics. .At low 
speeds airplane reacts quickly to liglit 
control forces. Lateral control is excel- 
lent. Total wing area is 326 sq. ft. 
Wings are staggered, with upper acting 

• Forward visibility. Biplane's nose 
slopes down 7 deg. from cockpit. In 
level position pilot can sec ground 
about 50 ft- in front of propeller. 

• Short-field capabilities. Small fields 
should be no problem for the Ag-Cat. 
•Airplane went off paved runway in about 
300 ft- info 40 deg. cro.sswind of 10 
kt. About 250 ft. were used for landing. 
Biplane, at gross of 2,800 lb- lias been 
brought to dead stop in 210 ft. 

• Tura-aronnd safety. About 45% of 
dnsting-spraving accidents occur from 
spin-outs in turn-arounds. Ag-Cat. de- 
signed for gross weight of 3,600 lb., has 
low stall speed and anti-stall tendencies 
in tight turns. 

Grumman has built two prototypes 
which have been testing since early 
1957. Airplane flown was number one 
prototype, N74054, which has been 
flown about 165 hr. and is currently 
nndcigoing certification tests under 
Part 8 of Civil Aeronautical Regula- 
tions. Built-in safety features are ovi- 

Pilot sits high in tlic open cockpit 




TOTAL wing area of 326 sq. ft., foot ailerons, add to .Ag-Cat contio!. 
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For accurate creep rupture testing 
choose from 8 ARCWELD models 


Wherever there's a need for accurate, economical creep rupture teet- 
ing, the answer to that need ia performance-proved creep rupture 
testers from Arcweld Manufacturing Co. 

Choose from 8 compact, easy to operate, low maintenance Arcweld 
models. Capacity ranges from 6,000 to 30,000 pounds. Oversize 
Arcweld furnaces produce stable temperature up to 2,200 degrees 
maximum at no additional cost. Exclusive automatic beam leveling 
control: no matter how far the sample stretches, beam remains level. 

Other products; eight-station rotary furnace jigs for liot tensile 
testing, master control panels, twelve-furnace Universal heat treat 
units and instrument cabinets. 

Hundreds of thousands of hours of lob performance have proved 
Arcweld testing machines to be the logical choice. Clip this coupon 
or write on your business letterhead to Arcweld Manufacturing Co. 
today for more information and a complimentary Arcweld Creep 
Load Calculator. 


See Artweld's Booth 202 at Moy Soulhweslern fxpesilion and Congress in Dollos 


c^ARCWELD 

MANUFACTURING 

COMPANY 

Phone 1470 



;mci \isihili(> is good to all sides. 
Coaming is hcasily piiddcd. Scat, 
slioiildcr harness and hcadrcst-osertuMi 
structure art stressed for 40Gs. laittcr 
is steel tripod extension of b-.isic struc- 
ture. Standard instrumentation includes 
engine oil pressutc-tcinpcratute gage, 
airspeed indie-ator and tacliomcter. 

Latter t" o are set in a sepiiratc panel 
atop fuselage just forsssrrd of hopper in 
pilot’s line of vision. Outside fuel gage 
is mounted below the 5-t-gal. fuel tank 
located in center section or upper wing. 
Pilot can ssatcli tlicse instruments with- 
out looking down in cockpil while fls- 

Prototipe svas also equipired «ith 
starter, clock, stall warning indicator, 
conipiiss and gages for manifold pres- 
siirc, cslindcr head teniijcratutc, carbn- 

Engine started immediately and tliv 
plane was taxied out tnr rnnup and take- 
off. Rudder pedals took care of taxi- 
turns. hut brake pressure had to he 
applied during runup; there is no park- 
ing brake. 

Biplane’s no-hopper load weight- 
clrv wciglit of 2,179 lb. plus pilot, para- 
clnitc, gasoline and oil— is 2.600 lb. 
\Vith 250 lb- of instrumentation, in- 
chiding starter, generator and batters, 
aircr.ift gross wciglit was about 2,850 
lb. 

I'icld delation at Grumnian-Peconic 
is 75 ft. Takeoff was to the southeast, 
with wind from the south at 10 kt. 
Outside air temperature was 4SI‘'. Sea 
Iciel pressure iins 30.18 in. 

Tokeoff and Climb 

At full throttle and 2,075 rpm.. we 
uetc off the ground in slightli- oier 300 
ft. Pon-cr n-.i.s reduced to 2,000 rpm. 
and biplane held 65 mpli. in climb, at 
rate of 800 fpm. Slight rudder pressure 
compensated for torque. Sole trim con- 
trol i.s small wheel for elevator. Large 
•\g-Caf tail proiides good control at 

Control and lisibiliti’ were excellent 
during climb. At 3,000 ft., biplane was 
leu'led off and reduced power to 1.750 
rpm- pulling 20 in. nip. With this 
setting airplane indicated 78 mph. TTiis 
iipproxiiiiatcs speed used in dusting. 

McCauley fixed-pitch steel propeller 
i.i ground-adjustable. Pitch on proto- 
ripe, 9.25 deg-, was .set for climb and 
dusting speeds and could be inneased 
for long-r.uiec cruise. In calibration 
tests, flying between fixe-d points, Ag- 
Cat indic-.ifcd 119 mph. Design dive 
speed is 145 mph. 

Biplane iias liglit on the controls dur- 
ing varying degrees of turn .and b.ink. 
Maneiiverahiliti'. good roll rate and stall 
control are attributed to two-wing con- 
figuration witli four ailcrons- 

-Airplane iias shilled straiglit ulie.id 
and in climbing turns, power-off and 
power-on. With ijropeller turning 1,800 
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Grumman A 

g-Cat 

SPIvCIFICATIONS 

Wing span 

.55 ft- 8 in. 



Overall length 

. .24 ft. 4 iu. 


. to ft. 9 in. 



No hopper load weight. . 

. . 2,600 lb. 



34 gal. 

Oil 

5 gal. 

Hopper volume. . . .29 cu 

ft. (217 gal.) 

Hopper load rcshiction. 


PERFORMANCE 

Mas. s|>eed (level) 

. , .llOmpb. 

Stall speed 

4! mph. 

@ 2.600 lb., power off 

.... 47 mph. 

@ 5,600 lb., power on 


@ 3.600 lb,, power off 


TakeolT distance 

330 ft. 

@ 3 600 lb 

675 ft. 

Rale of climb 

@ 2,600 lb 

. . .940 fpm. 

@ 3.600 lb 

. ... 530 fpm. 

Endurance (220 hp. Co 

dnentnl) 

@ 1,750 rpm) . . . 

3 ht. 


ipni.. airplane stalled at about 40 mph. 
indinited. \3'ith power off, break came 
at about 45 nipli. 

In cierv instance Safe Flight stall 
warning sounded 7 to 10 mph. ahead of 
slall. in cicrv instance there was no 
definite breakaway: rather a reluctant 
mushing out with negligible loss of alti- 
tude. 

Airplane was also pulled into some 
tight simulated low-lciel, nose-high 
turn-arounds, Ag-Cat is stressed for 
limit load of phis 4.2Gs and minus 
i.5Gs. Torsionallv stiff wings have fixed 
struts, along with strut between ailer- 
ons. Tlietc was no tcndciicv to spin 
out, and here advantages of the biplane 
configuration and four ailerons were 

Short- Field Capability 

Small biplane-wing span is only 35 
ft. 8 in.— easily can be dropped into 
tight areas. l''or our first landing Ag- 
Cat was brought in slightly “hot”— at 
65 mph- After one bounce it settled 
and, witli gentle braking, was dead- 
stopped in about 350 ft. 

(lolding brakes while applying full 

E ower, we started fast and were air- 
orne in sliglitlv less than 300 ft. Air- 
plane was leveled a few feet off runway 
until speed picked up, tlien sliaqily 
pulled up at about 45 deg. Getting 
o\er a 50 ft. obstacle in a liurry would 
be no problem. 

Remaining landings were sliot at 60 
mpli, on approacli. ^\'c could get a 
fairly steep rate of descent and less 
float. Spring steel gear lield tiglit to 
the ground and there was no tendency 


to ground loop. On each successive 
tri' wx: inanagecJ to further reduce land- 
ing run. niininiiim being about 250 ft. 
without cxcessiie braking. 

Simplicity' is a characteristic of Ag- 
Cat design.' Biplane is all metal, except 
for underside of wings and control sur- 
faces, which ate fabric covered. Sliort 
sections of metal along wing leading 
edges, plus reiiioiable panels on fuse- 
lage. can be quickly stripped for inspec- 
tion of basic intcrrial structures, corro- 
sion detection and cleaning and repairs 
if necessary. All metal surfaces ate 
coated with corrosion-resistant Fiirjii 

' Basic frame is steel tubing, which 
carries all load. Tubing can be easily 
rcp.iited in event of damage to fuse- 
lage. Upper and lower wings on the 
s;mie side arc intctchangeablc, as ate 
any of the four ailerons. 

Present estimates indicate that Ag- 
Cat will sell for around S17.500. -\via- 
1ION Week was told. If buyer sup- 
plies own engine and propeller, price 
will be reduced SI. 500. 

Surplus radial engines are available 
at reasonable prices. Radials arc favored 
over in-lines because of cooling factor 
(no cowling). Airplanes run hot dur- 
ing low. slow flight, coupled with time 
on ground idling while hopper is being 
loaded. 

Ag-Cat Production 

•Ag-Cat will be produced for Grum- 
man by Scliweizer .Aircraft Corp-, 121- 
niira. N. Y., under an agreement signed 
by both companies (AW .Apr. 21. p. 
23). Schweizer is tooling for output of 
some 100 aircraft. First to roll out, 
in July, will be used by Grumman for 
further testing. 

Between Julv and Jamtarv of next 
year some 10 to 15 Ag-Cats will be 
produced. From fanuary on. rate will 
lie eight a mouth. Peak domestic mar- 
ket is in the spring. 

Grumman believes tlicrc will be no 
problem in selling eight aiqjlaiies a 
month because "tTie future is critical 
for modified aircraft and replacement 
parts available today.” 

Company is keying its agricultural 
organization to service, and has ap- 
pointed four distributors to sell its new 
airplane: Magnolia Aviation Co., Lau- 
rel. Miss.; Sun Valley Dusting Co., 
San Benito, Tex.; United Ilcckathorn 
Co.. Richmond. Calif.; and Mid-Con- 
tinent Aerial Sprayers & Dusters. Inc., 
Ilayti, Mo. 

Ag-Cat hopper, located just forward 
of cockpit, has eapacitv of 29 cii. ft. 
(217 gal.). Payload is'1,000 lb. Full 
throat dump valve empties hopper, 
which is removable without disturbing 
wing rigging. Small propeller drives 
power hopper equipment and acts as 
a pump for spraying gear or as an 
agitator for dusting spreader. Buried 
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proved 

reliable 


duct couplings ! duct supports 

1 •' Couplings provide melal-lo-melal seal, fast 

If" disconnects, for high pressure, high temper- 

Ci atureair duels. Standard diameters T to V. 

mJV specials to 36'. Separate or integral duct 

^ supports. Many materials. 


: H 1 pneumatic controls 

Multi-function weight-saving air valves and 
v.^ regulators manufactured to missile tolcr- 

r\ -^BH j anccs. Adequate stall for fast design and 

production changes. 


Piatuiar^ heat exchangers 

Combine efficiency of plates with strength 
of tubes into new economical modular de» 
sign. Can fit into cramped, odd-shaped 
] .* j spaces in missiles and high performance 

if aircraft for great variety of applications. 


ground support liquid heaters 
Standard units for vehicle, space, and fuel 

tics from 90,000 to 1 ,000,000 Blu/hour and 
can be combined easily for greater output. 


Jnnitrol development and test facilities pro- 
vide proof in advance of reliable perform- 


Contact your Janilrol representatives when 
you need components or systems for heat 
transfer or air control. Janitrol Aircraft 
Division, Surface Combustion Corporation, 
Columbus 16, Ohio. 


WX\t\IITg=tOi- 


pneumatic contrsts - duct couplings & supports • heat exchangers 
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leading edge spr.iy booms or exposed 
tr.iiling edge booms are optional. 

Biphme can be qiiicfcly converted 
from duster to sprayer. Capibilitics of 
quick interchange units will be tested 
at Texas A&-M. W'ork is expected to 
begin this monlli witlt number one 
notofype airplane. Grumnran lias also 
aunched a corrosion study. 

Testing will also insolve seseral units 


being dc'cloped by Grumman, plus 
siinplc-to-opcmtc Swathma.ster in.stinit- 
diange unit designed bs Joseph Sellers 
of Bakersfield. Calif. 

Swathmastcr incorporates a perfo- 
rated. ligiitwcight stainless-steel wing 
about 1 5 ft. in span, weighing about 
70 lb. W'ing would hang 9 in. below 
.^g-Cat's bottom wing. Venturi action 
would be created between two wings. 


Liquid, dust or granules nouUl run 
down hopper throat to unit. Spaiiwise 
direction is lia guide lanes. \^'itii air 
coming through front, center, payload 
emerges from upper surface of wing 
through perforated holes. 

Pump is not neccssan’, and osc of 
Sw-athmaster, Avi.stios' Wkek was 
told, could mean an increase in Itopper 



Belgians Sell Single-Seater in Kit Form 


W'orldwide market for a single-place 
prisate plane especially designed so 
that it can be built in an amateur’s 
workshop is being sought by ,\vions 
Faircy, S.A., Belgian subsidiary of 
f'aircy Aviation Co., England. 

Priced at approximately 52,000 in 
kit form, the Tipsy Nipper is designed 
to use a 10-hp. Volkswagen engine giv- 
ing it a 65-mph. cruise speed (.W Mar. 
17, p. 911, but it can also utilize more 
powerful Porsche or other engines if 
liigher performance is desired. 

Layout is planned to provide easy 
mobility from owner's home to airport: 
wings can be taken off and stowed atop 
a car and the fuselage liitclicd behind 
the vehicle. 

W'ings are of wood construction with 
all loads taken bv a single spar of sim- 
ple rectangular cross section (laving con- 
stant width and with top and bottom 
faces parallel throughout its span Ribs 
arc of Warren girder construction built 
from spruce strips reinforced with plv 
gussets. Leading edge i.s eoseted with 
one millimeter plywood. 

A metal portion of the trailing edge 
of the wing, aft of the spat, folds down- 
ward to provide a footstep for entering 
and leaving the airplane. 

T’uselage is a steel tube welded struc- 
ture of conventional layout, with sec- 
ondary members and attaclmients 


bronze welded. Kuel lank is a light 
alloy, sealed with compound and is dc- 
.'igned to form part of tlie fuselage fair- 
ing and also support the instrument 
panel and windshield. Engine cowl and 
|5ropclicr spinner are of reinforced plas- 


tic. Lower fnsclage fairing is also a 
I iberglas molding. 

Fixed tricv cle landing gear uses auto- 
liibricating plastic brushes on the 
wheels. Nosewliecl is steered bv the 
vucldct pedals. Umding gear shock ab- 
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ADEL "design simplicity” 

New Steel Body, Miniature, Solenoid Operated 
Directional Control Valves 



Compared with 
similar valves 
having aluminum bodies 
and steel components, 
these new valves provide: ^ 


Vs number of seals 
V2 number of parts 
V2 space requirements 
V2 weight 


DESIGNED FOR EXTENSIVE STANDARDIZATION OF PARTS 


II TOr I PRECISION 
A lliL li PRODUCTS 

Wriu uiayjor ntu V * DIVISION OF GENERNL METALS CORPORATION 

BURBANK, CALIFORNIA 

DISTRICT OFFICES: MINEOLA • DAYTON • WICHITA . 


I DES/GNERS, DEVELOPERS, MANUFACTURERS AND TESTERS 
OF AIRCRAFT AND MISSILE HYDRAULIC, PNEUMATIC, FUEL. 
MECHANICAL AND ELECTRICAL EQUIPMENT 
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sorbing system comprises Niemau rub- 
ber rings of the tvpe used on some 
motorcycles. Simple disk-type brakes 
are fitted on the main whtx'ls and ate 
operated by a les’er on the control stick- 

Avions Fairev sars that the complete 
airplane, powered by a Volkswagen en- 
gine, will be available for less than 
S3,Q00 at the factory, Gosselies. Bel- 
gium, As a kit, minus engine, the Nip- 
per would cost approximately Sl.OOO: 
.1 >0-hp, Volkswagen engine with dual 
ignition would run about S770 (with 
single ignition, about S300) and pro- 
peller. cowling, instruments, fabric 
and paint would cost another S150. 

Complete kit will be packed in a box 
1 1 ft. 6 in. X 2 ft. 8 in, x 2 ft, 4 in. 
weighing under 400 lb- Kit comprises; 

Kusclagc structure, completely fin- 
ished with all brackets and details 
welded in place; complete laitding gear 
assembly with hubs, tires and brakes; 
finished metal rudder structure ready 
for corering: completely finished flight 
control system, ready for asscmblv: fuel 
tank, ready for fittings; I'ibctglas molded 
fairings, rcidy for cutting to final shape; 
windsliicld with fixtures; light-alio\' 
flap step; silver spruce laths of aft 
wooden parts ready for cutting to size, 
finishing and gluing; three-ply sheets; 
all hardware; dimensional drawings 
fur all assemblies and also for the 
wooden components to be built; and 
a brochure illustrating step-br-sicp 
building and assembly stages. 

On inside faces of the packing case 
are full-size outlines, of ribs, spars, 
ailerons, fin. tailplanc. elevator and 
other assemblies, permitting use of 
Ihese panels as construction jigs. 

Kit docs not include engine, propel- 
ler, engine cowling, instruments, fabric, 
dope and paint. 



UC-78 Tip Tanks 

Reinforced plastic wingtip tanks of 36-U. S.- 

surplus Cessna UC-78 by German firm, 
Svidflug, Stuttgart, to increase plane's en- 
durance from normal 4 hr. to 7.T hr. Design 
was planned in cooperation with Deutsche 
Vorschuiigsaiistalt fur Luftfuhrt (DVL). 
Airplane is going to .Atriea for use in aerial 



i For Every Aircraft Requirement 


HOSE & FITTINGS 

Save time . . . simplify maintenance . . . 
with lightweight Stratoflex hose and fittings. 
Specially designed Stratoflex aircraft hose 
makes possible weight reductions with no 
sacrifice in performance. Detachable, reusable 
Stratoflex fittings make possible quick 
assembly of aircraft hose and fittings. 

Stratoflex “111” aircraft hose features wire 
braid construction and is approved for use 
in aircraft hydraulic, pneumatic, coolant, fuel 
and oil systems. When you need to replace 
flexible aircraft hose assemblies, always 
SPECIFY STRATOFLEX. For additional 
information, write for Aircraft Catalog. 



AVIATION 
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PRECISION... 


for Jefs and Missiles 


PART: Turbine Exhaust Case Weldment J57 

CUSTOMER: Pratt and Whitney Aircraft 

MATERIALS: Front Flange — AMS 5646 

Rear Engine Mount Ring — AMS 5613 
Rear Flange — AMS 5613 
Duet — Forward — AMS 5524 
Rear — AMS 5504 

TOLERANCE: 2" Diameter holes — ± .0005". 

Engine Mount Ring — Mounting Surfaces, 

Opening, ± .002, and Parallel within .005 
in free state. 

QUALITY CONTROL: MIL-5923 including Radiographic, 
Magnetic Particle, and Fluorescent 
Penetrant inspection. 

MANUFAaURED BY: THE BUDD COMPANY, Defense Division. 

Budd’s designing, development and production 
facilities— a complete family of engineering 
skills— used by jet engine and aircraft manu- 
facturers since 1942, now stand ready to assist 
the minds and the men who are making 
today’s missiles. 


THE BUDD COMPANY 

Philadelphia 15, Pa. 
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Reading Air Display 
Expects 750 Planes 

Some 750 piiv;itc imd business air- 
c-aft and at lca?;t 2.500 giiistv arc ex- 
pected to be present at Reading .\via- 
tioii Service's Ninth Annua] Mainte- 
nance and Operations Meeting at the 
Mnnicipii Airjiurt June 6-7. 

Apprrrximatels .sixty airframe and 
etjuipiiicut manufacturers interested in 
the business flsinc market are sched- 
uled to liasc displavs, including Rell. 
■Aero Design (wlio nil] slum- the ncu- 
pmssurized -VltiCrniscr), Cessna, 
I'leckcr. l.ocklieccf and Republic. 
Bendix. Collins. W ilcox and RCA will 
also attend. Reading reports. 

Topics of disenssion planned are: 

•Aircraft inaiutenance standard.s; 
greater utilization for biisiuc.ss aircraft; 
United .Air Lines radar school; modifi- 
cition of aircraft; helicopter mainte- 
nance; operating procedures of light 
tssin-enginc aircraft and ness- de-icing 
techniques. 

High point srill be the asvatd of 
prizes to outstairding business aircraft. 

Texas Firm lo Lease 
Helicopter Air Time 

Houston— I.ciisiug plan for executive 
helicopter transport will lie started here 
this week by llclicnpter Air Lift, Inc. 
in an c.x]jansii>n of simikir operations 
conducted since 1955 in tire Chtaigu 

Under the plan, companies will sign 
iinnual contracts for minimum blocks 
of 25, 50 or 100 hr. on Helicopter .-Air 
Lift's machines. Finns leasing the .scr\- 


rc |Cf helicopter, shown on first flight, is oiu- 


ice will use the time as thev need it. 
Generally the service is used 'for execu- 
tive transport ami light cargo. 

The leasing plan is designed to give 
companies the adv-.mtages of hcliaiptcr 
service in nietrooolitan ure;is without 
the expense of buving and operating 
their own aircraft. 

Helicopter .Air Lift will operate the 
service here with two new Bell 47H 
machines. These two-|jasscnger heli- 
copters arc the last two 47Hs made bv 
Bell. The o|)erator currentlv uses four 
47Hs in its Chicago program. 

Helicopter .Air Lift was formed in 
1955 ;is a division of Skymotive. Inc., 
a Chie.tgo fixed-base operator. 'I'hc di- 
vision has been acquired by M and K 
Investment, Inc., a Houston firm, and 
the new owner has plans to expand the 
leasing jslan to .several cities in addition 
to the Chicago and llmiston operationv, 

12th Powder Puff Derby 
Opens in San Diego July 4 

.Application for entrv in 12th An- 
mia! .All-W'oman Transcontinental Air 
Raw (Bovvder Pntf Derby) are being 
aece|)ted Mav 1- June 20. T'akcoll po- 
sitions are determined by order of re- 
ceipt of applications. This seat's 
;.l“7-mi. event for stock model single 
or mniti-eugine private planes not ex- 
ceeding 5 50 lip, will start from Mont- 
gonierv I'icid, Sari Diego, Gilif.. at 
0800 I’ST Jidv 4 and terminate at 
Charleston. S. C.. July S. Mote than 
S5.000 in prize nionev- and trophies 
will be distrilnited among first five 
jjlaces, F'or details write; All Woman 
T ranscontinental .Air Race. Inc., 2611 
E. Spring St,. Long Bc-ach 6, Calif. 
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OOmBVCT with: 

Ur,.ys 


Among Its many features Bendix-Decca continuously shows The Bendix-Oecea New York chain covers an area of approxt- 

the exact position of the aircraft on a moving map in mately 200,000 square miles. The mep shows the location of 




ANTl-SUBMARiNE DUTIES — New weapons systems have 
immeasurably streng;thene<i the U.S. Navy's capabilities 
in anti-submarine warfare. A key role is assigned to KSS 
helicopters (Sikorsky S-58s) equipped with sonar. These 


are the Navy's only anti-submarine helicopters. Three 
are shown here operating from a carrier during anti- 
submarine warfare exercises at sea. S-58-type helicopters 
are widely flown in both military and commercial service. 


AROUND THE WORLD WITH 
SIKORSKY HELICOPTERS 




AIRBORNE RATIONS -A twin-engined Army H-37 
(Sikorsky S-56) lifts a sling load of C-rations during tests 
at Laguna Airstrip, Yuma, Arizona. The largest known 
operatbnal helicopters in the world, versatile H-37s 
have transported heavy Army missiles, vehicles, and 
artillery pieces. 




HIGH ALTITUDE TRAINING-Seventy Marine Corps 
pilots and crew members tested performance of HUS 
helicopters (Sikorsky S-58s) at high altitudes and in 
extreme cold in the mountains of California. Aircraft 
were flown at 12,500-foot altitude, operating despite 
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SPEEDING PLANT CONSTRUCTION-Lifting more than 
100 tons of heating and ventilating equipment to the 
rooftop of a huge factory, a Sikorsky S-58 accomplished 
in two days a job which would have taken four weeks with 
ordinary crane equipment. The S-58 made 70 quarter- 
mile flights from a loading yard to the roof of Convair’s 


new Atlas missile plant in San Diego, spotting loads on 
the 13-acre roof to a tolerance of less than one inch. 
Construction officials said this was the largest helicopter 
job ever performed on a plant construction project, an 
airlift that saved thousands of dollars as well as the 
four weeks' time. 



IKORSKY AIRCRAFT 

STRATFORD. CONNECTICUT 

One of Ihe Diyision of United Aircrall Corporolion 
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The startling advances in the last decade 
in pounds of thrust, in horsepower have 
exceeded nearly every other decade in 
America's engine development history- The 
challenp of contributing to this advance 
has fallen to Holley engineering teams with 
such varied problems as lighter weight, 
more compact fuel controls for jet engines, 
carburetors with more and more breathing 
capacity, ignition systems with more and 
-more accuracy. 

Holley's two teams of design and manu- 
facturing engineers have developed prod- 


Today, Americans stand on the threshold 
of a decade which will far oulmode the 
power outputs of today. Holley engineers 
are currently working on control systems 
for power outputs relegated just yesterday 

As in the last fifty years, Americans in 
motion will depend upon Holley products. 

For more information about Holley 
products, automotive and aircraft, write to 
HOLLEY CARBURETOR CO, 11955 
E. Nine Mile Road, Warren, Michigan. 


Temco Proposes 

Dallas— Temco Aircraft Corp. is 
modifying its TT-l trainer into a more 
rcrsatilc competitor for a role in the 
primary and basic phases of Navy's 
pilot training program. 

With more power and greater endur- 
ance, Temco feds the new TT-X can 
protide ail tlie petformanec needed to 
bring a pilot througii the primarv- 
basic cvcie. With its new equipment, 
the TT-X is designed to handle all 
training work througli carrier qualifica- 
tion, with the exception of giinnert'. 

Temco is proposing the TT-X to the 
N'avy as a single aircraft for all-jct pri- 
mary and basic training, and a key 
point will be economy. Temco trainer 
costs about a tliird of a trainer the 
size of the T2J which North .\mcriejn 
Atiation, Inc, is developing for the 

Since tlie TT-l was originally 
classed as a primary trainer, expansion 
of its capiibilitics to cover the area of 
basic training will make it a stronger 
competitor when the Naw is making a 
decision- Temco figures the TT-X can 
cor er at least half of the Nar v’s or fr- 
ail training syllabus. 

TT-X is the TT-l trainer with a more 
powerful engine, plus some reUtircly 
minor modifications designed to in- 
ctcase its versatility, Temco will build 
a mockup of Ihe new version, altiiougli 
tlicre arc no firm plans tight now to 
produce flyable TT-X hardware. 

IT-i was designed to handle mote 
power as the engines became arailablc, 
and improvement of the trainer coin- 
cides with derelopmcnt of newer ret- 
sions of its J69 engine. Ultimate en- 
gine for the TT-X is the f69-T23, al- 
though the J69-T'25 will serve as an 
interim powcrplant. 

Tcinco is currently testing the 169- 
'1-25 in the original TT-l prototype 
(AW Feb. 10, p. 85). Tliis engine pro- 
duces 1,025 lb. thrust, a 10% imptow- 
incnt over the J69-T'2 which powers tire 
production model TT-l. The added 
thrust iinprorcs performance. 

When It is arailabio, the mote pow- 
etfui J69-T-22 is e.xpectcd to proside 
enough added thrust to handle the ex- 
tra weight of additional fuel and 
equipment and still improve consider- 
ably on performance with the J69-T25. 

Slo ciranges in the primatv structure 
or tlie aerodynamic features of the 
TF-1 airframe ate involved in comert- 
ing tlic trainer to the TT-X version. 
'Ihe engine is liouscd in a secondary 
.structure area, and changes in brackets 
and fairing arc basicalh ali tliat is 
necessary for the newer engines. 

Current version of tlic Temco trainer 
lias a 1.5 hr. training mission endur- 
ance, plus reserves. Increased fuel ca- 
pacity in the TT-X will add a half-hour 


Navy Jet Trainer 

to this training mission capability. 

All fuel in the TT-l is carried in 
three bladder cells in each wing. In 
the TT-X. small bladder cells are added 
in the outboard leading edge and at 
tlie wingtip, bringing Ihe total to five 
in each wing. 

To accommodate mote navigation 
gear, the tr.iinet’s cunopv fairing is 
extended to the tear, giving the TT-X 
a more streamlined look. Tlie extra 
space is for Tacan equipment. 

Carrier training capability is pro- 
sided with the addition of restraining 


gear and catapult lugs. Some heefing- 
up is required in the tail boom to lian- 
dlc the tail hook, and a larger nose 
gear is ptoiidcd to coinpensato for the 
Iieasier stresses of carrier-tvpe landings. 

TT-X will liavc ground level ejection 
seats, and some minor instrumcnl 
changes will be made to gisc tlic trainer 
full day and night capability for basic 
flight training. 

Temco is currently in the midst of 
a production contract for 1-t ’^[T-1 air- 
craft ordered by the Navy for evalua- 
tion. Last of the 14 is to be dclii ercd 
this summer. This production model 
is powered by the J69-T2 engine, but 
it can be retrofitted with later versions. 


Barbara doesn’t 
want a job... 
She wants 
a Career 



Barbara Hughey knows what she wants . . . she wants an airline 
career. She has proven her desire by enrolling in Northwest 
Schools Airline Career course. And she has proven her ability by 
completing the thorough, demanding training. She's ready to 
step into a position in your organization as a pre-trained, pre- 
selected, ready-to-work employee. 

■ She’s not just "looking around” — she knows! 

For complete information on Barbara and other 
qualified graduates write, phone or wire 

— NORTHWEST SCHOOLS 

1221 N. W. 21ST AVENUE, PORTLAND, OREGON 
Phone 



CHEM-MIl* Is the onjy maniifacturer 
of a complete l|ne of cooriiinateil 
products for chemical milling! 


CHE3VI-MILL 
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■ ■ the light way to 


To almost everybody but the pilot, the least popular 
part of a modem airplane is its landing gear. Says 
one airframe en^eer, “All it does is keep the belly 
of the plane off the runway — the rest of the time it’s 
nothing but a deadweight drag on performance.’’ 

Actually, it you can design away 50 lbs. from the 
500-odd lbs. of landing gear weight on a modem 
supersonic fighter, you add scores of miles to its 
cruising radius, reduce its turning circle by hundreds 
of yards, add significantly to its speed and altitude 
capabilities. 

For it has been shown that a single extra pound 
of landing gear weight adds from 7 to 10 lbs. of total 
aircraft weight — because of extra wing area, fuel and 
other equipment required. No wonder aero engineers 
are as skittish about weight as aging movie stars! 

To solve this problem. United States Steel has 
successfully completed the development of a new 
and stronger steel for lighter landing gear. Today, 
with an ever increasing emphasis on weight-saving 
in aircraft components, this steel, called USS Strux, 
has been thoroughly tested and evaluated in com- 
mercial heat lots by a major landing gear builder. 

USS Strux is an uffra-high-strength steel, with 
good toughness, that can be forged, machined and 
heat-treated to develop tensile strengths in the 
280,000 to 300,000 psi range. Compared with SAE 
4340, frequently us^ in crucial landing gear com- 
ponents, USS Strux has about 7% more strength 
and, as proved by landing gear makers, can reduce 
weight by a comparable amount. At this time when 
plane builders find it worthwhile to pay $20 more 
per pound for components if airplane weight can be 
reduced by a single pound, USS Strux certainly 
deserves your serious consideration. 




keep the belly off the ground 


Here's what USS STRUX offers you 

High Tensile Properties. Longitudinal samples 
of forged I' rounds from a regular production run 
of USS Strux provided the strength and ductility 
information Ust^ in the table below. The rounds 
were first normalized from 1600°F. Oversize tensile 
specimens were machined and heat-treated by aus- 
tenitizing at 1550°F, quenching in oil and tempering 
at the indicated temperatures for 4 hours. After 
final machining, the test specimens were stress-re- 
lieved for 3 hours at 400“F. 


„.l. , I I L 


Excellent Toughness. At temperatures from 
minus I0O°F to plus lOO’F, Charpy V-notch impact 
values approximate 14 ft.-lb. For its very high 
strength level, USS Strux shows excellent toughness 
as measured by energy absorbed. Specimens giving 
curve at right were tempered at 450“F. 


USS Strux is sold in the hot-rolled or annealed 
condition in the full range of bar sizes and as billets 
or blooms for forging up to 15^' square. It is in- 
tended for use in the heat-treated condition after 
forging and machining. To develop a minimum of 
280,000 psi tensile strength, the recommended treat- 
ment is to normalize (air-cool) from 1600-1650“F 
followed by oil quenching from about I550°F and 
tempering in the range 450'P to 550°F. Aimealing 
for machining or other intermediate processing may 
be done by furnace cooling from about 1500°F. 

For more information on USS Steux, please write 
United States Steel, 525 W illia m Penn Place, Pitts- 
burgh 30, Pa. or contact the nearest USS District Sales 
Office. Comprehensive technical data is available at 
no obligation, of course. 
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KEY ENGINEERING 
OPENINGS 
AT VOUGHT 
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AMC Contracts 

or . hoioi.. Air Materiel Command: 
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Vought Vocabulary | 


read'i-ness: 


when a fighter as new as tomorrow 
is in service with the Fleet today 


rS-SSSmB 


There's a bright, new glint t( 

Chance Vought's 1,000-plus- 
arrived— in strength! This potent fi. 
a champion — in speed, ceiling a: 
engineered, too, for swift produc 
introduction to pilots. 

This sped the Crusader to duty faster than any missile, manned aircraft, and electronics programs. For 

modem jet. It brought to the Fleet in an age of peril details on select openings write to: C. A. Besio, Supervisor, 

a weapon that will hold its edge. " • 

With the Crusader comes a ne 
speeds. Already, Navy and Marii 
performance to smash major 
unprecedented supersonic and 
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"Research for Space" 


1958’s big AVIATION WEEK editorial theme 


June 16th marks the publication date of AVIATION WEEK's 
"Research for Space", 1958's most ambitious and 
dramatic editorial effort. Major areas of editorial attention: 
missiles, satellites, spacecraft, space probes, Dyna-Soar, 
avionics, exotic fuels and hypersonic aircraft, are presently 
engaging the attention of the world and exciting the 
imagination of scientific and military minds everywhere. The 
soaring national defense expenditures earmarked for 
national defense effort in these fields and general aviation 
procurement, amounting to some $10 billion scheduled 
to be expended in the second half of 1958, i. e. (January-June 
1958) spotlight the timeliness of this issue. 


Last year's "Research and Development" issue generated 
over 18,000 top-quality inquiries. This year's "Research 
for Space" edition will exceed this number substantially. 
Regular A V/AT/ON WEEK contract rates will apply. 
Positions will be accorded on the basis of the date insertion 
orders are received. Now is the time to schedule your 
advertising message in 195ffs most dramatic and 
useful edition, "Research for Space". 

World-Wide distribution of over 70,000* net paid subscribers 
plus several thousand extra copies for copy sales to 
scientific, military, industry and government personnel, 
provides industry advertisers with an unmatched audience 
for the sale of their services, materials and products. 


Aviation Week 

lailuding Spate Tethnalagy 


A McGRAW-HlLL PUBUCATION, 

330 WEST 42nd STREET, NEW YORK 36, N. Y. 




It takes 

precision 

equipment 

to solve 
many 
problems 
of flight. 


Rohr is famous for being first with the latest 
manufacturing tools to solve production problems of many 
aircraft parts. And when there is no special machine 
to mass produce a special part . . . Rohr is first in 
knowledge and know-how to design and build or adapt 
machines to make components better, faster and cheaper. 

Just one of the reasons Rohr, today, is the 
WORLD’S LARGEST PRODUCER 
OF COMPONENTS FOR FLIGHT 





SMALLER, LIGHTER PAM-FM SYSTEM 
USES LESS POWER; TRANSMITS BETTER 




WHO'S WHERE 







C, 

S'"S3"C““ 

ri,m .ppoinn,,.,,!. M.de 



^^SEfiESi 

Allison E. Gossett, assistant direcloi-avi- 
ation sales, AC Sptk Ping Division, Gen- 
eral Motots Corp.. Hint, \fidi. 


wanted: 





an expression 
of interest! 

General Electric’a Jet Engine Dept., 
Cincinnati, Ohio, is now interviewing Engineers with 
3 or more years experience in the following fields: 
Mechanical Design Aero-thermo Design-Analysis 

Control Systems Design Control Component Design 

Accessories Design Test and Evaluation 


J. A. McGovern 
Jet Engine Dept. AW-512 
General Electric Co., Cincinnati 15, Ohio 
This is not an application for employment; it is merely 
your expression of interest. Upon receipt of this coupon, we 
will forward a brief form to return to us describing your interests 
and experience. You may then be asked to visit CincinnaU, 
at our expense, to discuss with us, in as great a detail 
as you wish, your future with the Jet Engine DepL of GE. 




• Sympathetic supervision tl 


□ 


t recognizes ability and 
h the govern- 

c, vmn long-range comraers. 

Gentlemen: 

I am interested in the possibility of an association with 
the Jet Engine Dept, of General Electric. 


Name. 

Addres: 


Be sure to Check Your Field of Interest Above, aw-5i: 

GENERAL® ELECTRIC 


JET ENGINE DEPARTMENT ' 


CINCINNATI 15, OHIO 


Searchlight Section 



PRICED FOR QUICK SALE 
$12,500 



Flight test operation 


FOR SALE 

LOCKHEED 12 A 

SERIAL 1294 .. . EXECUTIVE 


BEECH C 45G 


OPPORTUNtTY 

AT 

CONVAIR FIELD 
Allentown, Pa. 

This field, ideally located 
within the city, has 2 concrete 
runways — 39S0' and 3400', 
approx 350 acres and is 
ovailable to a qualified base 
operator. Excellent potential 
for business aircraft sales and 
service in this growing orea 
with the city population over 
•15,000. 

COMMSTE DEtAUS 




R1830^ 

40 R2000 

WORKS 



lilMSw 



DC-3 AIRCRAFT 


PRICED TO sell; 

LUND AVIATION (CANADA] LTD. 
MONTREAL AIRPORT, P. Q. 
MEIrose 1-3519 
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what it’s like 


“Inertial guidance," exprains John Prikazsicy, "means 
aerial navigation without recourse to external reference. 

As an Inertial guidance engineer with ISM, I have the 
opportunity to work on completely integrated bombing- 
radar-navigational systems. My work is broad — from 
lab studies to the analytics involved In system design— 
everything from shooting the North Star to heat transfer 
problems. That’s why I like it — plus the chance I have 
to take on as much responsibility as I can handle." 

Other challenging assignments at IBM Owego 
a Airborne analog and • Test equipment development 
digital computer systems . Radar circuits and systems 
a Units and systems • Transistor circuit design 

Qualifications 

B.S. or M.S, degree in electrical or mechanical engineer- 
ing, physics, or mathematics, and 
Proven ability to assume a high degree of technical 
responsibility in your sphere of interest. 

FOR DETAILS, just write, outlining background and 
interests, to: 

Mr. R. E. Rodgers, Dept. S24 Q 
Mgr. of Technical Recruitment 
International Business Machines Corp, 
590 Madlsen Ave., New Yerk 22, N. Y. 
IBM. a recognized leader in the electronic computer 
field, offers a stable balance of military and commercial 
work. You will find ground-floor opportunities for profes- 
sional achievement at IBM Owego. Liberal company 
benefits set standards for Industry today, and salaries 
are commensurate with your abilities and experience. 


to be a Creative Engineer at 


IBM 
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LETTERS 


Captain Answered 


lllllilll 


£X”r;x™;:x';'5E's 



Taxed to Si 


|=t£p.';r£,!xi 

S 3 sSS 

Amateur Int•enti^e 

.SI 

P^“ci»™ga'Calif, 

Change R<S:D Poliey 

■Hicrc arc at Ic-ast two c.uiscs for tlie 



AVIATION 


iHL 


INET tailor-made 

400-cycle ground 
power unit serves 

ATLAS missile 

...meets Convair's tough requirements 

Used for pre-flight calibration of the Atlas electrical 
systems, Leach’s 400-cycle unit met all Convair’s 
specifications . . . performed as one of the most 
successful pieces of test equipment used in this 
USAF project. 




The modern-day lookout’s masthead is the U.S. 
Navy’s long-range Anti-Submarine aircraft. His 
eyes, electronic. His quarry, unfriendly submarines. 

This mission requires constant and complete 
patrolling of all vital areas in accordance with the 
pre-planned patrol pattern. Pinpoint navigation 
and precise positioning of the aircraft at all times 
is essential. To maximize the navigational capabil- 
ities of the Navy’s “flying patrol,” highly accurate 
True Airspeed Computers, designed and pro- 
duced by Servomechanisms, Inc., are now being 
installed. Utilizing a force balance transducer, 
designed by SMI, the computer has an excep- 
tional accuracy .. .within 2 knots in range of from 
100 to 250 knots. 

This computer is only one of a whole series of 
True Airspeed Computers produced by SMI. 



Completely transistorized True Airspeed Com- 
puter designs for use on aircraft assigned to 
various missions, are also available. These 
computers, which operate over a wide range of 
speeds, exhibit the same high degree of perform- 
ance, accuracy and reliability. 

The computers are another example of Servo- 
mechanisms’ Mechatronic Design Philosophy, 
wherein each major function is accomplished in 
a separate, functionally packaged module. The 
plug-in, pull-out design 
reduces down time to a 
minimum and enables 
semi-skilled personnel to 
maintain this equipment 
by simple substitution 
of the plug-in modules. 
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